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PRE FA CI 



HAVE to tlunk Mr. fiiiowlefl of the Niiteteenth 'C^n^ 
yry, Mr, Quilter of the Universaf Iffvi'ew, and thej 
Black uf the EncyclopfBdia Bntanmca. foil 
niaaion to imrlude in this volume Articles originallyl 
bblisbed by them. 
I The collection which Messrs. Macmillon havi 
indly umlertaken to nspublish deiik with a variety 
r topics, and is, perhaps, wanting in unity of design.! 
Iheac essays and lectures have, however, all onginated 
I my dcsiiv to promote the interests of science, eithei 
r explaining some of it« hiter advances to the genei 
pblic, or by showing the need for increased aid f 
utific research from the State. Ueuce the somewhat 
mprehcnsive title which I have veutiired to give to 
B little lMK)k. I hope that each paper iu its turn • 
by find some readers whu w^tl think that it i>os8e8« 
Iciunt interest to jiuttify its ruuppuaraoce iu iti 
lent fonn. Some of the paiKsra now reprinted were" 
>hed sutHciently long ago for changes t*) have 
fcorred in tht piMition of nrntlera of whieli they trv-it. 



vi PREFACE 

In some cases a prediction has been verified, in others 
an appeal has been successful ; and in regard to some 
few matters touched on, new views have taken the 
place of those adopted when my statement was ori- 
ginally made. I have added notes explanatory of 
such changes where they are actually necessary. 

E. Ray Lankester. 

December 1889. 
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DEGENERATION: 

A CHAPTER IN DARWINISM 

Delivulkd u oys of the Evbkino Lectures at the SHErriELit 
METTiKa or TBI BRinaB AuociATioK FOR TBK Advakckmbnt or 
Science, 22d August 1879, under the Presidekcv or Professor 
Aluiak. LL.D., F.R3. 



DEGENERATION: 

A CRAPTER IN DAJIWISISM 

[ IB the misfortune of those who study that bnmch 
f science which our President has done so much to 
ijvance — I mean the science of living things— that 
ny are not able, in the midst of a vast assembly, 
I render visible to all eyes the actual phenomena 
to which their inquiries are directed. AVhilst the 
bysicist and the chemist are able to make evident to 
3 of a great meeting the very things of which 
T have to tell, the zoologist cannot hope c^ver to 
with those who form his audience the keen 
lire of observing a new or beautiful organism ; 
i cannot demonntrate by means of actual specimens 
B delicate arrangements of structure which it is his 
i to record, and upon which hy bases his cou* 
I. It is for this reason that he who would 
; to the notice of laymen some matter which at 
I is occupying the attention of biological 
nts, must appear to be unduly devoted to specu- 
-hypothesia — to support which he cannot pro- 
i the faf-ts them»3lvcii but me.rL'Iy the imperfect 
titut«s afforded by pictures. It is perhaps uuL 
I matter for regret that there should bo in 
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one great branch of science, as there is in biology, so 
very marked a disproportion between the facilities for 
demonstrating facts and the general interest attaching 
to the theories connected with those facts. We may 
be thankful that at the present day we are not likely, 
in the domain of biology, to make the mistake (which 
has been made under other circumstances) of substitut- 
ing the mere inspection and cataloguing of natural 
objects for that more truly scientific attitude which 
consists in assigning the facts which come under our 
observation to their causes, or, in other words, to their 
places in the order of nature. Though we may rightly 
object to the attempt which is sometimes made to 
decry the modern teachings of biology as not being 
" exact science," yet we may boldly admit the truth 
of the assertion that we biologists are largely occupied 
with speculations, hypotheses, and other products of 
the imagination. All true science deals with specula- 
tion and hypothesis, and acknowledges as its most 
valued servant — its indispensable ally and helpmeet 
— that which our German friends^ call "Phantasie" 
and wc " the Imagination." Our science, biology, 
is not less exact — our conclusions are no less accurate 
because they are only probably true. They are ** prob- 
ably true" with a degree of probability of which 
we are fully aware, and which is only somewhat less 
than the probability attaching to the conclusions 
of other sciences which are commonly held to be 
"exact/' 

These remarks are addressed to an Association for 

1 See Note A. 
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I. „„ 

^" and progresses by tlic aid of suppositions and the 
working of the imaginatiou. The Association bos 
^^ been holding its annual sitting in varions parts of 
^Hujihe British Islands for more tlian thirty years, and 
^^Bet it is stil] a very common and widely spread notion 
^^■n&t science, that ta to say, true science according to 
^^Bbose who hold the notion, doeB not countenance 
^Hnrpothcsos, and sternly occupies itself with the exact 
^^neord of fact. On the other hand, there are many 
^HKnons who run to an opposite extreme, and call by 
^^Bw name of Bcienco any fanciful attempt to deal with 
^^K account for a ccrtaia clnss of phenomena. The 
^^Bbrds "science" and "scientific" arc used so vaguely 
^^Kld variously that one might almost come to the 
^^■Miclusion that it would be well for our Associjition 
^^Bb plainly state what is that thing for the odvance- 
^^■Wnt of which its meetings are held. I cannot venture 
^^■tt speak in the name of my culleagues ; and no doubt 
^^fttevicw of the work done by the Association would 
^^Heet fitly explain what that body understands hy the 
^^■Bvd "science." .\t the same time it is permissible 
^^Btake tUis opjiortunity of briefly stating what science 
^^nnd wbat it ia not, so lar as I am able to judge of 
^HfefiUiiig use of the word. 

^^^F Bcicnee u certainly fot any and evi^r}' kind of 
^^BDwledgc Knowledge of literature, of the beautiful 
^^Hbgii which have been written or otherwise produced 
^^B, human ingenuity, is not ejcience. Knowledge of 
^^B| vnrioud Qianufacturiug [)roccssc8 in too by civiliaed 
^^Bn U not scicuce: nor knowledge of the uaiin'^ ••!' 
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the stars, or of the joints of a beetle's leg. Science 
cannot be identified with knowledge of any particular 
class of objects, however detailed that knowledge may 
be. It is a common mistake to consider all knowledge 
of raw products, of living objects or other natural 
objects, as necessarily "science." The truth is, that 
a man may have great knowledge of these things as 
so many facts, and yet be devoid of '* science." And, 
on the other hand, that which is properly called 
science embraces not only such subject-matter as 
that just alluded to, but also may find its scope in 
the study of language, of human history, and of the 
workings of the human mind. 

The most frequent and objectionable misuse of the 
word " science " is that which consists in confounding 
science with invention— in applying the term which 
should be reserved for a particular kind of knowledge 
to the practical applications of that knowledge. Such 
things as electric lighting and telegraphs, the steam- 
engine, gas, and the smoky cliimneys of factories, are 
by a certain school of public teachers, foremost among 
whom is the late Oxford Professor of Fine Art, per- 
sistently ascribed to science, and gravely pointed out 
as the pestilential products of a scientific spirit. They 
are, in fact, nothing of the kind. American inventors 
and electric lamps, together with all the factories in 
Sheffield, might be obliterated without causing a 
moment's concern to a single student of science. It 
is of the utmost importance for the progress and well- 
being of science that this should be understood ; that 
the eager, practical spirit of the inventor who gains 
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3 pecuniary rewards by the sole of his inventiooB 
tould not be confounded with what is totally different 
od remote from it, aamely, tlie devoted, searchtog 
pirit of science, which, heedless of pecuniary reward*, 
rer faces nature with a single purpose — to ascertain 

•■ cawieii of thhu/s. It seems to me impossible to 
npbosise too strongly in such a place and in such a 

ieting as this, that Invention is widely separate 
thoagh dependent on Science. Invention is 

ridly-wise, and despises the pursuit of knowledge 

its own sake, She awaits the discoveries of 

eience, in order to sell them to civilisation, gather- 

; the golden fruit which she has neither plantetl 

■ tended. Invention follows, it is true, the foot- 
. of Science, but at a distance : she is utterly 

xiid of that thriftless yearning after knowledge^ 
Hat passionate desire to know the truth, which causes 

B unccaaiug advance of her guide and benefactnias. 

We may, it seems to me, say that of all kinds and 
aietics of knowledge that only is entitled to the 

me *' science " which can be described as Knowledge 
jf Causes, or Knowledge of the Order of Nature. It 

this knowledge to which the great founder of 

npe&n science — Aristotle the Greek — pointed as 
ne knowledge: Tort ivi<rTdfte6a 6rati rS)yalriav ttBufiev, 

a a that knowledge which cDablcs us to domon- 
s so far as our limited faculties permit, that the 
1 which we recognise in the world around 
Bare dependent in definite ways on certain projterties 
[ matter : science is that kuowlcdgc which enables, 
t tends to enable us, to assign its true place in the 
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series of events constituting the universe, to any and 
every thing which we can perceive. 

The method by which scientific knowledge is 
gained — knowledge of the causes of nature — ^is pre- 
cisely the same as that by which knowledge of causes 
in everyday life is gained. Something — an appear- 
ance — ^has to be accounted for : the question in both 
cases is, "Through what cause, in relation to what 
antecedent is this appearance brought about ? " In 
scientific inquiry, as in everyday life, a hypothesis — 
a provisional answer or guess — is the reply ; and the 
truth of that guess or hypothesis is then tested. This 
testing is an essential part of the process. " If my 
guess be true, then so-and-so as to which I can decide 
by inspection or experiment, must be true also." is 
the form which the argument takes, and the inquiry is 
thus brought to a point where observation can decide 
the truth of the hypothesis or first guess. In every- 
day life we have often to be content without fully 
testing the truth of our guesses, and hurry into action 
based on such unverified suppositions. Science, on 
the other hand, can always wait, and demands again 
and again the testing and verification of guesses 
before they are admitted as established truths fit to 
be used in the testing of new guesses and the building 
up of scientific doctrine. 

The delicately-reared imaginations of great investi- 
gators of natural things have from time to time given 
birth to hypotheses — guesses at truth — ^which have 
suddenly transformed a whole department of know- 
ledge, and made the causes of things quite clear 
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^^R great is the value of hypotlieais, so essential to 
scientific discovery, that the most skilled and highly 
trainLHl observer raay spend his life in examining and 
scrutinising natural objects and yet fail, if he is not 
guided by hypothesis, to observe particular facts which 
are of the uttermost importance for the explanation of 
the causes of the things which he is studying. Nature, 
it has been said, gives no reply to a general inquiry — 
she must be interrogated by questions whicli already 
contain the answer she is to give ; in other words, the 
lervcr can only observe that which he is led by hypo- 
» to look for: the experimenter can only obtain 
i rcauit which his I'xpBrimerit is designed to obtain. 
t For a long time the knowledge of living things, of 
ints, and of animals could hardly be said to form 
t of the general l>ody of science, for the causes of 
: things were quite unknown. Tliey were kept 
. as a separate region of nature, and were sup- 
1 to have l)een pitched, as it were, into the midst 
I orderly and cause-abiding world without cause 
r: they were strangers to the universal har- 
' prevailing around them. Fact upon fact was 
rv«d and recorded by students of plants and 
, bat having no hyiiothesis as to the causes of 
; they were studying, the naturalists of twenty 
B ago, and before that day, though they collected 
|8, made slow progress and some strange blundera. 
teoly one of those great guesses which ocuunou- 
t ippear in the history of science, was given to the 
a of biology by the imaginative insight "f ihm 
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greatest of living naturalists — I would say that greatest 
of living men— Charles Darwin. 

In the form in which Mr. Darwin presented his 
view to the world it was no longer a mere guess. He 
had already tried it and proved it in an immense 
series of observations ; it had already been converted 
by twenty years' labour on his part into an estab- 
lished doctrine, and the twenty years which have 
passed since he published the Origin of Species have 
only served to confirm, by thousands of additional 
tests, the truth of his original guess. 

Space will not allow me to go fully into the history 
of the Darwinian theory, but it is necessary for my 
prvsent purpose that I should state precisely what 
that theorv is. It involves a number of subordinate 
hypotheses which, together with the main hypothesis, 
furnish us with a complete "explanation," as it is 
calleil. of the facts which have been ascertained as to 
living things ; in other words, it assigns living things 
to their causes, gives them their place in the Order of 
Nnturv. 

It is a very geuoml jx^pular Ivliex at the present 
day that the l>arwinian theory is simply no more 
thAn a oai^rioious and anti-th^vU^i:iv*al ;vs?er::on that 
luankiud an* the uuvUti^xl doswudants of ai>e*like 
axuvsiors. 

VhoUiih i\uvt: of mv rea\lor!k I vio r.o: dv^ubt, 
know b.ow i»w}vrt\vt and crrvm^vus a vvu.\ i^::, ^ this 
is. yv: 1 shall lu^:. I think, Iv wasV^uj: tuuo :v, sr^tin^ 
wha: the l\uri^:man t:u\vrx nviIS is. lu tW:. i: is 5^^ 
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I opportunity should be lost of calling attention to 

I real clmracter. Bit by bit, naturalists had buc- 

ded in discovering the onler of nature — so far that 

, the grciit facta of the uuiverse, the constitution 

I movetnentB of the heavenly bodies, the form of 

' earth, and all the peculiarities of its crust, had 

1 successfully assigned to one set of causes — the 

»pertie9 of matter, which are set forth in what we 

by the name of the " laws of physics and 

istry." Whilst geologists, led by LycU, had 

that the strata of the earth's crust and its 

utaius, rivers, and seas were due to the long- 

nued operation of the very same general causes 

he phyaico-chemical causes — which at this moment 

I in operation and are continuing thcii" work of 

ige, yet the living matter ou the crust of the earth 

} be excluded from the grand uniformity which 

B elsewhere complete. 

[ The first hypothesis, then, which was present to 
, Darwin's mind, as it had been tu that of other 
Hier naturalists, was this : " Have not all the 
rietiea or species of living things (man, of course. 
Haded) been produced by the continuous operation 
same set of physico-chemical causes which 
! we can discover, and which alone have been 
1 sufficient to produce everything else ? " "If 
B so," Mr, Darwin mant have argued (and hero 
that he l>oJfIly stcjipod beyond ihc specula- 
i of Lamarck and adopted the method by which 
hod triumphantly established Geology as u 
" these catmes must still bo able to pnnhire 



12 DEGENERATION : I 

new forms, and are doing so wherever they have 
opportunity." He had accordingly to bring the 
matter to the test of observation by seeking for 
some case of the production of new forms of plants, 
or of animals, by natural causes at the present day. 
Such cases he found in the production of new forms 
or varieties of plants and animals, by breeders. 
Breeders (the persons who make it their business 
to produce new varieties of flowers, of pigeons, of 
sheep, or what not) make use of two fundamental 
properties of living things in order to accomplish 
their purpose. These two properties are, firstly, that 
no two animals or plants, even when born of the 
same parents, are exactly alike; this is known as 
Variation: secondly, that an organism, as a rule, 
inherits, that is to say, is bom with the peculiarities 
of its parents ; this is known as Transmission, and 
is simply dependent on the fact that the offspring 
of any plant or animal is only a detached portion 
of the parent — a chip of the old block, as the saying 
is. The breeder selects from a number of specimens 
of a plant or animal a variety which comes nearest to 
the form he wishes to produce. Supposing he wished 
to produce a race of oxen with short horns, he would 
select from his herd bulls and cows with the shortest 
horns, and allow these only to breed ; they would 
transmit their relatively short horns to their offspring, 
and from these again the cattle with the shortest 
horns would be selected by the breeder for propagation, 
and so on through several generations. In the end a 
very short-homed generation would be obtained, differ- 
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I miUio 
Myeed 



gruatly in appearance from tbc cattle witli which 
breeder started. 

Now we know of no facts which forbid us to aup- 

>poae that could a, breeder continue his operationB 

indefinitely for any length of time — say for a few 

millioD years — he could convert the short-horned 

into a hornless breed ; tliat he could go on and 

lickcn the tail, could shorten the legs, get rid of the 

ind limbs altogether by a series of insensible grada- 

rions, and convert the race into forms like the Sireuia, 

or sea-cowB. But if he could do this, you have only 

to give him a longer time still and there is no obstacle 

lainiug to the conversion, by the same kind of 

of a polyp into a worm, or of a worm into a 

or even of a monkey into a man.' 

So far wo have sujjposed the interference of a 

sder who selects and determines the varieties which 

propagate themselves ; so far we have not got a 

plctc explanation, for wo must find a substitute in 

for the human selection exercised by the 

leder. The question arises, then, " la there any 

necessary eeluctive pnnesa in nature which could have 

ited tliroQgh untold ages, and so have represented 

Belective action of the breeder, during an immense 

of time? " Strangely enough, Mr. Darwin was 

U> the discovery of such a cause existing necessarily 

the mechanical arrangements of nature, by rcwling 

[b celebrated Hook of an English clergyman, the Rev. 

r. Malthu-s, On Populatiou. Un happening to read 

book, Mr. Don^'in him^lf leUa us that the idea 

> Soc "Sou R 
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of ** natural selection " flashed upon him. That idea 
is as follows. Not only among mankind, but far more 
largely among other kinds of animals and among 
plants, the number of offspring produced by every pair 
is immensely in excess of the available amount of the 
food appropriate to the particular species in question. 
Accordingly, there is necessarily a struggle for exist- 
ence — a struggle among all those bom for the posses- 
sion of the small quantum of food. The result of this 
struggle is to pick out, or select, a few who survive 
and propagate the species, whilst the majority perish 
before reaching maturity. The fact that no two 
members of a species are alike has already been 
shown to be the starting-point which enables the 
brooder to make fits selection. So, too, with natural 
aoloction in the struggle for existence ; the fact that 
all the young born of one species are not exactly 
alike — but some larger, some smaller, some lighter, 
sonio darker, some short-legged, some big-eyed, some 
loujT-ti^nguetl, some sharp-toothed, and so on — ^furnishes 
(he i>pi>ort unity (or a selection. Those varieties which 
juv best fitted to obtain food and to baffle their com- 
pel itoi's, gain the fiunl and survive, the rest perish. 

We have, then, to note that the h}'pothesis that 
theiv nuist be a seleetimi whieh was framed or de- 
duced as a "(est hypothesis" fnmi the earlier hypo- 
thesis that species have arisen by the action of causes 
still competent to pi\Hluce new forms — KhI Mr. Darwin 
\\\ (he discovery ot* (his givat caust^ — the ''natural 
selection, " or **survi\al of (he (idest," in the struggle 
for o\\N(ence. ••us( jks (he bnvdor can idowly change 
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t proportions of the animals or plants on which he 
rates, so in inconceivably long periods of time 
has this struggling of yaneties, nnd the consequent 
' natural selection of the fittest, led to the produetion, 
from shapeless primitive living matter, of all the eml- 
lestf varieties of complicated plants and animals which 
now people tl)o world. CountlKss varieties have died 
out, leaving only their modified descendants to puzjile 
^tfuj ingenuity of the biologist. 

^^V Of the tens and hundreds of thousands of interme- 
^Hp^ forms we know nothing hy direct observation. 
They have perished as better-fitted forms ousted them 
iu the never-ending conflict. But we fet'l sure that 
' once wore in existence, and l-au infer what was 
■ structure, and what were their peculiarities, by 
i study of the structure iind attributes of their now 
5 descendants. 
If all the forms of life ut present U\-iug are the 
ified offspring of a smaller number of auecstral 
; which have ilied out, and if these again were 
Bmodifted descendants produced by ordinary parent- 
) of a single original Uving thmg — then tlie whole 
ft of forms that have ever lived could, if wc had 
tiiem before uh, 1« arranged in the form of a great 
&mUy-trec — the various brauclics presenting a perfect. 
gradation of form.'* arraoged one after another, lead- 
ing down from the terminal twigs (which would repre- 
sent the latest ftirma produced) lo larger and larger 
braDchcj), nntil the common trunk representing the 
fstor would be reached. Our actual means 
g the genealogicai aDinities of difi'en'uL 
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kinds of animals and plants may be understood by a 
further use of the metaphor of a genealogical tree in 
shape like an elm or an oak. Suppose the genealogical 
tree completely written out — a perfect record — to be 
sunk in muddy water so that only its topmost branches 
and twigs are here and there visible — then you have a 
fair notion of the present condition of the great family 
of organisms. Only the topmost twigs remain visible, 
the rest of the great family-tree of living beings is 
hidden from view, submerged beneath the muddy 
waters of time. Naturalists have, however, undertaken 
to reconstruct this great genealogical tree. It is a 
main object now in the study both of zoology and of 
botany to find out what are the cousinships, what the 
exact genetic relationships of all the various species 
of plants and animtils, imd so to show, even to the 
minutest detail, in what particular ways physico- 
chemical causes have brought about and modified the 
forms of living things. 

The task is not quite so diflicult iis the comparison 
to a submerged forest -tree would lead one to expect ; 
at the Siiuio time it is more difficult than those who 
have boldly attompttHl it apjHwr to Wlieve, We have 
one srroat holu in the oan^fullv workod-out svstomatic 
ohissitioation of animals and plants acoonling to their 
struoturw Wo ar\^ justitiinl in assuming as a general 
law that aniuiiUs or plants of liko struct urv have de- 
soondinl fnnn i^nnmoM an^vstors that is to sav, that 

m 

the vS^mo kiml of orjriinisat ion ^osjHvially whorv a uum- 
Ivr of olaU^rato details of stnu-ture art* iuvolvt^l) has 
not Ihvu twice pixxhuwl K natural j^^Uvtion. Thus 
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we arc cotitlod to conclude that all the an i mala wliich 
have a backbone and pharyngeal gill-slits combined — 
the Vertebratffl, as we call them — have descended 
fro m a rommoii parent ; that all the animals with a 
scuhir foot-like belly and lateral gill filaments, the 

^s, have also had a romraon parent, and so on. 

A classification according to structure goes then a 

r way towards mapping out the main lino* of the 

lily-tree of organisms. We are further assisted in 

' task by the fossil remains of extinct organisms 

uch (wmetimei; give to us the actual ancestors of 

I now living. But the most remarkable aid to 

b correct building up of the pedigree of nnimals at 

; (and the remarks which fnllow are confined to 

division of tlie organic world) is afforded by the 

uges — the phases of development — which every 

maJ exhibits in passing from the small shapeless 

; to the adult condition. The aid which we here 

1 depends on the following facts. Just as we 

e any one animal — say a «log — to have developed 

r change through an inuucnse series of ancestors 

become simpler and riiinpler as we recede inbj 

ist until we rcjich a small shapeless lump of living 

r devoid of structure, so do we find actually as 

: of feet, which any one can see for himself, 

t every individual auiuml Itcgius its iudividual life 

I atructurelosa particle which i* thrown off fi-om its 

nt, and is known as the egg-cell (Fig. 1 ). Oradu- 

wtng tliniugh a series of more and more ula- 

I condiuowi of structure, that egg grows into 
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the adult dc^. The changes which have taken count- 
less ages in the one case, are accomplished in a few 
weeks in the other. 

And now we have to note the 
important fact which makes this 
process of development so intensely 
interesting in relation to the pedi- 
Aiiegg: ksiugie gTce of the animal kingdom. There 
witr^ci«!S'*4°^'riS is Tery strong reason to believe 
'^''^ "■ that it is a general law of trans- 

mission or inheritance, that structural characteristics 
appear in the growth of a young organism in the order 
in AYliich those characteristics have been acquired by 
its ancestors. At first the egg of a dog represents 
(imperfectly, it is true) in form and structure the 
earliest ancestors of the dog ; a few days later it has 
the form and structure of somewhat later ancestors ; 
Inter still the embryo dog resembles less remote 
ancostors ; uutil at last it reaches the degree of 
(•lal>oratiou proper to its immediate forefathers. 

Ai'conliugly the phase's of development or growth 
of tin- young are a brief recapitulation of the phases of 
form tlmnigh which tlio auceslors of tlie young creature 
have ivii*soil. In somo aiiimaU this recapitulation is 
nu>n'. in otlicit* It is h\sjt voniploto. i^ometimes the 
rhaiiju's arv' luirritxl thrv»Ui;h and tiisguis*^^!. but we 
tind hon> and xXwik- lu tlioso liisU'rii's of gr»>wth from 
the ogj; nuvit vsliutblo a!«*i,-itJim>' xxx tlio attempt to 
r*xvnstr\iot iho g\nu>!»K»gi('al ti-x-o. Tlio iiistory of the 
dovi>K>pnu'nl ol" tin- i>muuioh ti\*j; is ;» jjxhhI itlustration 
of the kimi ofovidome in \tmv*(ioii. 
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ITlie frog's egg firat gives rise to u little aquatic 
»ture with ext<:ruaJ gills and a tuU — the taJpolc — 
ieh gradually loses its gills and its tail and acquires 
their place lungs and four legs (Fig. 2). so as now 




'A>> X. — 1*wLjid«i uiil juuiiji lit Ui< L'oiuiiioD Kn^. 1. Kcautlf lutclwl (t*>cs 
nacnJ ilw) ; S aud 3a. "aiiiD cnUnttd lo ■liow \ha uUrluil Rilli ; 3 Uiil I. 
I>lcr (Ucw *ilh (ID-*!!!* tunsml l>v « ni«nibnuw Imins only lb* Kfiincla 
t,*m riK- ^^^ ** '" '*'* '^ ^' re*[>in4 nlrr ; 3, with Iiiii<l l«ffi appnifng ; 
I 4i *ltb tqCb fbiv aail bind !<«• ; 7, nlmjihr nl Ui* Uil ; e. jrouait rmg. 

e fitted for lift! on dry land. From what wo other- 

^ know of the stnictui'c of the frog and the animals 

1 it is allied, we are jastified in concluding that 

is a rccapitaliitiff! phafie of development. 
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and represents to us more or leas closely an ancestor 
of the frog which was provided with gills and tail in 
the adult state, and possessed neither legs nor lungs. 




A U!<-i I;»mtli;»i- .;»>»' IS iluit .n" a ,-fnai« kind of 
Aiul vu:ht lowor lonur oi" Kij;. *V T\w li;Uo i-ivAture 
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lucb issucfl &om the egg of this shrimp i» known ob 

! *' Nauplius fonn." Many animals very different 

1 appearance from this shrimp make their first api)ear- 

t to the world as NaupUi ; and it appears prob- 

ble that the Nauplius phase is the recapitulative te- 

ntatiou of au ancestor common to all this set of 





L S. — Ltrrt of tha Bhrimp Kid. 6, — Hon ulnnce^ Umi 

PniKiii. of Ui* Hlirinip Pmiuiu. 

DDals, an ancestor which uraa not exactly like the 

pUus, but not very differont from it. 
I The Nauplius of our shrimp gradually elongates. 
1 first it hiu« but thrt-e pair of limbs, but it soon 
■uires additional pairi^, and a jointed body, and thus 
■gndualty adding lii its complexity nf struoture a» 

I in Figs. 5 and 6, it approximates more and more 

the aitnlt form from the egg nf which it originated. 
|Afld DOW ve are approaching the main |M>itit to 
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which I wish to draw the reader's attention. In 
attempting to reconstruct the pedigree of the animal 
kingdom and so to exhibit correctly the genetic 
relationships of all existing forms of animals, natu- 
ralists have hitherto assumed that the process of 
natural selection and survival of the fittest has in- 
variably acted so as either to improve and elaborate 
the structure of all the organisms subject to it, or 
else has left them unchanged, exactly fitted to their 
conditions, maintained as it were in a state of balance. 
It has been held that there have been some six or 
seven great lines of descent — main branches of the 
pedigree — such as that of the Vertebrates, that of 
the Molluscs, that of the Insects, that of the Starfish, 
and so on ; and that along each of these lines there 
has been always and continuously a progress — a 
change in the direction of greater elaboration. 

Each of these great branches of the family-tree is 
hold to be independent — they all branch off" nearly 
simultaneously from the main ti*unk like the leading 
branehes of an oak. The animal forms constituting 
the series iu each of these hraut'hes are supposed to 
gradually int*rease in elaboration of structure as we 
pass upwards fnnu the main trunk of origin and 
elimb farther aiul farther towards the youngest, 
nu»st reeent twijj^s. New orjjans have, it is supposed, 
been j^radually devt^loped in eaeh series, giving their 
pi>ssessi>rs greater powei^s, enabliui; thom to cope 
mort* sueressfullv with i»thers in that struggle for 
exislenee iu \irtue of whieh these new organs 
have been little bv little called into beiuij. At the 



A CHAPTER IN DARWINISM 23 

I.Min*: time here and there along the line of nuirch, 
l^ertaiQ forms have been supposed to have *' fallen 
;;," to have ceased to improve, and being happily 
■fitted to the conditions of life in which they were 
iOD^ ago existing, have continued down to the 
lent day to exist in the same low, imperfect 
loondition. It is in this way that the loweHt forma 
mot juiimul life at present existing arc usually cx- 
tined, such as the microscopic animalcules, Anlo^ba^ 
od InfuHoria. It is tn this way that the lower or 
more simply -made families of higher groups have 
sen generally regarded. The simpler living MoUusca 
C shellfish liave been supposed necessarily to repre- 
ut the original forms of the great race of JSIolIusca. 
he simpler Vertebrates have been supposed ncces- 
ily to represent the original Vertebrates. The 
mpler Worms have been supposed necessarily to 
; the stereotyped repreaentativea of very ancient 
onus. 
That this is, to a certain extent, a true explana- 
1 of the existence at the present day uf low forms 
louimals is prove<i by the fact that we find in very 
ideot strata fossil remains of animals which differ, 
r so little, from particular animals existing at the 
Ktnt day ; for instance, the Bracbiopods (lamp- 
fa), Lingula and Terebratula, the King-cniba, 
the Pearly Nautilus are found living at the 
int day. and are also foniid with no appreciable 
I in very ancient strata of the earth's crust ; 
I dcpoeitod so long ago that most of the forms 
■ life nt preiMsot inhabiting the earth V surfaee ] 
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not then been brought into existence, whilst other 
most strange and varied forms occupied their place, 
and have now for long ages been extinct. 

Whilst we are thus justified by the direct testi- 
mony of fossil remains in accounting for s(yfne living 
forms on the hypothesis that their peculiar conditions 
of life have been such as to maintain them for an 
immense period of time in statu quo unchanged, we 
have no reason for applying this hypothesis, and this 
only, to the explanation of all the more imperfectly 
organised forms of animal or plant life. 

It is clearly enough possible for a set of forces 
such as we sum up under the head " natural selec- 
tion " to so act on the structure of an organism as 
to produce one of three results, namely, these : to 
keep it in statu quo; to increase the complexity of 
its structure ; or lastly, to diminish the complexity 
of its structure. We have as possibilities either 
Halaxck, or Elaboration, or Degeneration. 

Owing, iis it seems, to the predisposing influence 
of the systems of classification in ascending series 
prot»ooding steadily upwaixls fnmi the "lower" or 
simplest forms to the "higher" or more complex 
forms, — systems which wore prevalent before the 
divtrino of transformism had taken firm root in the 
minds of natundists, thoro has been up to the present 
dav an oiuloavour to explain overv oxistins; form of 
life on the hypothesis that it has boen maintained 
for lonj; aii:os in a state of Uahuuv : or else on 
the hyjH^thosis that it has Uvn Klabonned. and is 
an advanoo, an impn^voment, uivu itc* ancestors. 
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'nly one naturali«tr— Dr. Dolini, of Naples — haa put 

irwanl the hypothesU of Degeneration aa capable of 

idc application to the explanation of existing fomia 

life;' and his arguments in favour of a general 

iplicatiou of this h}'polhe8is have not, 1 think, met 

ith the consideration which they merit. 

The statement that the hypothcsia of Degeneration 

has not been reuognised by iKiturallsts guucrally aa 

an explanation of animal forms, requires to be cor- 

by the exception of certain kinds of animals, 

lely, those that are parasitic or quam-parasitic. 

regard to parasites, naturalists have long re- 

;d what is called retrogreasivc metamorphosis ; 

parasitic animals are as a rule admitted to be 

ices of Degeneration, It is the more remark- 

whilat the possibility of a degeneration — a loss 

organisation making the descendant far simpler or 

in structure than its ancestor — haa been ad- 

for a few exceptional animals, that the same 

itheais should not have been apphed to the ex- 

latiou of other simple forms of animals. The 

(thesis of Degeneration will, I believe, Iw found 

most valuable service in pointing out the 

relationships of onimala which arc a puzzle and 

lyster)' when we use only and exclusively the 

tthesis of Balance, or the hypothesis of Elabora- 

It will, as a true scientific hypothesis, kelp oa 

over causes. 

[ We may now examine a few examples of an- 

" Dm lIn[>raBg dn- WirtwlthiMv uod *U* Priaclp (In> Fuucli'iiu 
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deniably degenerate animals, and first, I may call to 
mind the very remarkable series of lizard-like animalfl 
which exist in the south of Europe and in other 
countries, which exhibit in closely related genera 
a gradual loss of the limbs — a local or limited Degene- 
ration* We have the common Lizard {Lacerta)^ with 
five toes on each of its well -grown fore and hind 
limbs ; then we have side by side with this a lizard- 
like creature, Seps, in which both pairs of limbs have 
become ridiculously small, and are evidently ceasing 
to be useful in the way in which those of Lacerta 
are useful ; and lastly, we have Bipes, in which the 
anterior pair of limbs has altogether vanished, and 
only a pair of stumps, representing the hinder limbs, 
remain. 

No naturalist doubts that Seps and Bipes repre- 
sent two stages of Degeneration, or atrophy of the 
liml)s ; that they have, in fact, been derived from the 
five-tood four-legged form, and have lost the locomotor 
organs once possessed by their ancestors. This very 
partial or local atrophy is not, however, that to which 
1 refer when using tlie word Degeneration. Let us 
imagine this atrophy to extend to a variety of 
important organ.s, so that not only the legs, but the 
organs of sense, the nervous system, and even the 
mouth and digestive organs are obliterated — then we 
shall have pieture<l a thorough -going instance of 
Degeneration. 

Degeneration may be defined as a gradual change 
of the structure in which the organism becomes 
adapted to less varied and less complex conditdons 
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llife; whilst Elaboration is a gradual change of I 
Mcture in which the organisra becomea adapted J 
to more and morn varied and fomplex conditions of 1 
wri stence. In Elaboration there is a new cxprcssiuii I 
Lform, corresponding to new perfection of work in I 
h nntmal macihino. In Degeneration theru is sup- I 
aion of form, corresponding to tlie cessation of I 
Elaboration of some one organ nmy be a ( 
jsarj- itccompaniment of Degeneration in all the 1 
n ; in iact, tliis is very gi>nerally the caiie ; and 
9 only when the total result of the Elaboration of 
tae organs, and the Degeneration of others, is mich 
I to leave the whole animiil in a lower condition, 
t ie, fitted to luSft complex actiun and reaction in 

to its surroundings, than was the ancestral V 
I with which we are comparing it (either actually 
lie imagination) that we i«peak of that animal as J 

lUce of Degeneration. 
I Any new set of conditions occumug to an nniuial I 
lich render its food and safety very easily attained, I 
L to lead as a rule to Degeneration; just as an I 
pve healthy man sometimes degenerates when I 
lomes Buddenly posaesoed of a fortune; or as Rome 1 
E^generatcd when {tossesscd of the riches of the ancient 
world. The habit of parasitism clearly acts upon 
onimal organi^ition in this way. Let the parasitiu ■ 
life once be secure^l, and away go legs, jaws, eyes, and I 
; the active, highly-gifted crab, insect, or auncUd 1 
f becutuc a mere sac, absorbing nonrislunent and 



iBafenmce was made almve to the larval stage of 
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a certain shrimp {Figs. 4, 5, 6). Let us now compare 
these with the young stages of a number of shrimp- 
like animals, viz. SaccuUna, Lemaeocera, Lepas, Cy- 
clops, Limnetis (all drawn in Fig. 4), some of which 
lead a parasitic life. All start equally with the re- 
capitulative phase known as the Nauplius ; but whilst 




AJult baiculiua 




tlie Naupliua of the free-living sLrimp grows more and 
more elaborate, observe what happens to the parasites 
— they degenerate into comparatively simple bodies ; 
aud this is true of their internal structure as well as 
of their external appcarauce. The most utterly re- 
duced of these parasites is the curious Sacculina 
(Fig. 7) which infests Hermit-crabs, and is a mere 
sac filled with eggs, and absorbing nourishment from 
the juices of its host by root-like processes. 
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RLemfBOcera again, which in the adult conditioD is I 
ml attached to the gills of fishes, has lost the well- I 
dttveloped legs of its Nauplius cliildhood and become I 
I an elongated worm-like creature (Fig. 8), fitted only I 
^^Ksuck in uourL-shment and utrry eggs. 



OHVA CHTMiMUI-UI 




— AdnJt Binuwle at Do. lo, — mTrlufmmit nf OrThi|iHlM (B*t- 

onnoltli* Ciiriii- nkclr in.l Sn-Acam). After UiuUy. 

lAmongst these Nanplii — all belonging to the great 1 
pp Crustacea, which includes <rral>H and shrimpo — ] 

which gives rise to au animal decide*Uy dc- 
kemte, but nut precisely parasitic in its habita. 

NftupliuB is the young of the ship's Bamftcle, I 
nioua stalked body, cnelo^oil in a shell of many J 
a (Fig. 9). The egg of the Barnacle gives rise . 

actively swimming Nouplius, the history of 
I ia vory uHtoniiiliing. After swimming about 
la time the Bumaelc'B Nnuptius fixes its hcail 
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against a piece of wood, and takes to a perfectly 
fixed, immobile state of life (Fig. 10). The upper 
figures represent the Nauplius stage of animals closely 
resembling the Barnacle ; the lower figures show the 
transformation of the Nauplius into the young 
Barnacle. Its organs of touch and of sight atrophy, 
its legs lose their locomotor function, and are 
simply used for bringing floating particles to the 
orifice of the stomach ; so that an eminent naturalist 
has compared one of these animals to a man standing' 
on his head and kicking his food into his mouth. i 

Were it not for the recapitulative phases in the 
development of the Barnacle, we may doubt whether 
naturalists would ever have guessed that it was a 
degenerate Crustacean. It was, in fact, for a long 
time regarded as quite remote fi*om them, and placed 
among the snails and oysters ; its true nature was 
only admitted when the young form was discovered. 

Other parasitic organisms, which exhibit extreme 
degeneration as compared with their free-living rela- 
tives, might be cited and figured in profusion, did om* 
limits permit. Very noteworthy are the degenerate 
Spiders — the mites, leading to still more degenerate 
forms, the Linguatula^.^ 
^ We have two of these represented in Figs. 1 1 and 

12. The one (Fig. 11), as compared with a spider, is 

^ I have, since the above was written, applied the principle of 
<legeneration to the explanation of the living representatives of the 
group Arachnida, an<l shewn that the King Crab (Linnilus) is the 
nearest representative of the ancestors of sox)rpion8, spitlers, and mites, 
and in fact must be classed with thcni. Professor Glaus of Vienna has, 
some years later, adopted similar views. December 1889. 
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!„.„ 

^Etrae, whilst the [mips and daggcrH of the spider hHve 
dwindled to a beak projcctiug from the front of the 
globuLix unjointed body. lu the other the eight legs 
BTe become mere stumpa. jiud tlip liotly ia clougivted 
ike that of a worm. 




fThe iturtanecs of degeneration which we hare so 
B examined are due to i)anuitism, except in the ex- 
B of the Barnaele, where we httve an instano' of 
deration due to sessile and immobile habit '' 
ktptkj Dov proceed h) look at mme neasile <" 
ile animalK which are not usuollv rr^judeil ;i 



generate, but whiob, I thiuk, tliere is every reaaooJA 1 




X 13.— Two aduH AJciaiOM : to the l#n PliiUiuia— to tlia 
incniTunt anil eiPnrrenl orillM* »re ee«ii na 
nstnnil siie. 




■nil quiu at th* to«w uiil tin cnrrM hmrt Tb* rviovSfc* pi^emmt 
b*M aow lo Hi lbs AtcdilUa to itona^ ■bBlli, ar aiMiL 

believe aro the dcgeuortitc doBcenduiU of vvry miicli 
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higher aud more elat>orate aDccstora. Tliene are certain 
marine animals, the AacidJuns, or aea-squirta. These 
animals arc found encrusting rocks, stones, and weeds 
on the sea-liottttra. Sometimes they are solitary (Fig. 
13), but many of tht'm produce buds, tike plants, and 
so form compound masses or sheets of individuals all 
connected and continuous with one another, like the 
buds on a creeping plaut (Fig. 14). 

We will examine one of the simple forms — a tougii 

mass like a leather bottle with two openings ; water is 

continually pafising in at the one and out at the other 

of these apertures. If we remove the leathery outer 

case (Fig. 15), we find that there is a soft creature 

within which ha« the following parts: Leading from 

the mouth a great throat, followed by an intestine. 

The throat is pei-foratcd by innumerable slits, through 

^^Bcb the water passea into a chamber — the cloaca : 

^^^naasiog, the water aerates the bloot.! whi<^h circulates 

^jf the framework of the sUts, The intestine takes a 

sharp bend, which causes it to open also into the 

^jjoftca. Between the orifice of the mouth aud of the 

^^Hica there ia a norve'gangUon. 

^^Vlly abject in the next place is to show that the 
■tnicture and life -history of these Ascidians may 
be beat explained on the hypothesis that they are 
lances of degeneration : that they are the modi- 
I descendants of animals of higher, that is, more J 
»t€ structure, and in fact are ilegenerate Vert«- 
standiog in the same relation to fishes, 
I, and men, as do the barnacles to ahrimpe, crob^iJ 
I lobsters. 
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The young of some, but by no means of all these 
Ascidians, have a form totally different from that of 
their parents. The egg of Phallusia gives rise to 
a tadpole, a drawing of which placed side by side with 
the somewhat larger tadpole of the common frog is 
seen in the adjoining figure (Fig. 16). The young 
Ascidian has the same general shape as the young fix)g, 
but not only this ; the resemblance extends into 
details, the internal organs agreeing closely in the two 
cases. Further still, as shown by the beautiful re- 
searches of the Kussian naturalist, Kowalewsky, the 




FROO 

.....^. W* MOUTH 

TAIL SPIRACLI 




ASCIDIAN 

Fuj. 16. — Tailj>ole of Frog aud of Ascidian. Surface view. 

iTsomblanoo reaches absolute identity when we examine 
the wav in whieh the various orinms arise from the 
primitive egg-eell. Tail, body, spiracle, eye, and 
mt>uth agree in the two tadiH>les, the only important 
litVeivnee Inunj:: in the piv^itiou of the two mouths and 
in the faet that the As^ndian luu^ one eye while the firog 
has two. 

Now let us liH^k at the internal organs (Fig. 17). 
Theiv aiv four struetures, wliiih aiv all four possessed 
at some time of their lives bv all tlu^^e animals which 
we eall the Vertebnita, the jjn\U braneh of the pedi- 
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I to which 6sh(!s. reptiles, birds, bcastf«, uud mcu 

elong. And the combination of these marks or 

ructural peculiarities is an nverwhelming piece of 

ideQce in favour of the supposition tliat the creuturcs 

Ifhich possess tliis combination arc derived from one 

nmon ancestor. Just as one would conclude that a 

1 whom one might meet, say on Salislmry Plain, 

Husi belong to the New Zealand race, if it were found 

(Ot only that he had the eolour, and the hair, and the 

l^hnpL- .,f liciid of ii New Zi-nlaudir, but also tliat hi- 




s tattooed like a New Zcalander, cai-ried the weapons 

I New Zealaiider, and, over and above, in addition 

I these proofn, that he talked the Maori language and 

ine other ; 80 here, in the *\'i8e of the vertebrate race, 

1 are certain qualities and ]*oH8('.8sionB, the accumu- 

pou of which canuol be conceived nf as occurring 

tany antm»l but one belonging to that race. These 

c great structural features arc — first, the primitive 

Jtbone or not«)chor<l ; necoud, the throat perforated 

V gUt-dits ; third, the ttibular nerve-centre or apinal 

1 and biBin pbecd along the Imck ; and lantlj, j 
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perhaps most distinctive and clinching as an evidence 
of aflfinity, the myelonic or cerebral eye. 

Now let us convince ourselves that, these four 
features exist not only in the frog's tadpole, as they do 
in all fishes, reptiles, birds, and beasts, but that they 
also exist in the Ascidian tadpole, and, it may be 
added, coexist in no other animals at all. 

The corresponding piirts are named in Figs. 16 and 
1 7, in such a way as to render their agreement tolerably 
clear, whilst in Fig. IS a more detailed representation 
of the head of an Ascidian tadpole is given. 




Fio. 18. — Aacidiui Tkilpole vith > put only of the tul C. Jf, n 

with th« enlarged bnin in front tnd the nunm spinal chord behind (n),- A", 
i) placed ia the carily o[ the brain ; 0, the lingle earebnl eja Ifing in the 
bnin ; o, similarly placed anditory orgui ; S, pbaryni ; it, intcatine ; o, 
mdimeDt of the mouth : fA, notocbord or primitin backbone. (Prom 
Gcgenbaur's Elfmrnls >•/ Comfianilirr .(rnifiwy.) 

It is clear then that the Ascidians must be admitted 
to bo Vertobnites, and must l>e classified in that great 
sub-kingdom or bnmcb of the aiiimiJ ju'digree. The 
Ascidian tadiwlc is very unlike its jvirent the Ascidian, 
and hiis to <?> thnmgh a jirvn-ess of degeneration in 
oriier to iirrivc at the tuUilt stmctun'. The diagrams 
which are i\'i'i\HhictHl in Figs, ly and -JO show how 
this degeneration priveeils. It will Iv olvserved, that 
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II somewhat the same maimer as the young barnacle, 
e young Astridian fixpa itself to a stone l>y its heud; 




Fn. 90.— V(T7 r°'i'>li A*^-liUan wltli uiilj twu gtlLnUli. LMiiiMM wItU tig. IS ; 
wbloh K bowcva-. Hen froui Chr othrt ililf, no tint Jaft their (nmopoadi to 
(l|l>tl»ra. 



tho tail iv'itti itH iiiitochonl ami Derve-chonl 
Mphics. Tbo body g;rowi4 mid gniduall)' cJiuiigett tl 
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shape, whilst the cloacal chamber forms. The brain 
remains quite small and undeveloped, and the remark- 
able myelonic eye {the eye in the brain) disappears. 
The number of gill'Slits increases as the animal grows 
in size and its outer skin becomes tough and leather- 
like. 

Before saying anything further on the subject of 
degeneration, it seems desirable once more to direct 




1 Wnter- beetle's buTR. 



conn«cteil kt o 



Fin. 21.— Scilioi] Ihrouuh tbe ejc ("surface ej«") ol 

All the cvtlH Hie ,>wa to W in a ro<r <:oiitiiiuou» nit 

most skin or ectmlemi. ji, pigmented cells ; r, M 

with tlie optic nerve ; y, Irnnapurent cells (fonu 

Imly") ; /, coticulnr lens. (From (iegenlmmV EIrmtnli of CumpamHm 

Amili-Mg, aflur Greu«cher. ) 
Flo. 23.— Si-clioii through the eye ["surface-eyo ") of a Marine Worm (Neo- 

phanta). i, integuineut epreading over the front of the eye c; t, culicuUr 

lens ; *, cavity occupied by vitreom body ; ji, retinal celh ; *, pigment ; o, 

optic nerve ; o', cipaoaion of optic nerve. 

attention to the niyelouic or cerebral eye which the 
Ascidian tadi>ole possesses in common with all Ver- 
tebrates. AH other animals which have eyes develop 
tlie retina or sensitive part of the eye from their outer 
skin (see Figs. 21 aud 22, and explanation). It is 
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fty to underatend that an organ which w t^ be 

«lc<l by the light should fomi on the surface of 

body where the light falls. It has long been 

mown OS a very puzzling aud unaccountable peculiarity 

f Vertebrates, that the retina or sensitive j)art of the 

ye grows out in the (>mbrj'o as a bud or vesicle of the 

rain, and thus forms deeply below the surface and 

my from the light (see Fig. 23, and explanation). 

Ibc Aacidian tadpole helps us t<i understand this, for 




—A. VwnietX •Htion tlirou^h tbslisMiof > Terjr ronng Dili, atiowlnf lii 
\ (li> cMitn tbf carltf at (Jit> hmln r. Oa Nwh iiid« w a hollow oatgrovtU (a) 
leb will torm tba ntinii of thr HhWk ayn ("rurgbnl i-y"); b will Wane 
! «|itlf iiiirVH KiuuscUuc tbe bnlu uid the nttiu ; il, inIC|{iUDinil. — A 
W mmliUou ot the boUow oulfTVwtli (a) of .1. Its uater vail r la pM9M<] 
inrt lU Attptt frail p tiy an isxhtwU (I] b^mi Uix oalvr *kia [cttodmn) 
r sins fiw tu Ui« nUnal c*Ui, i*lul*( imlf ', tlw is^llaUr Iniu. in duritad 
B Un *arftKit or lbs lUn. 



I u |»orfectly transparent and has its eye actually 
? its brain. The light paasea throngh the trans- 
mt tissaes and acts on tbe pigmented eye, lying 
[) m liie bruin. We are tlius led to the suggestion 
I believe thin inference to be now for the first 
i put into so many words — thai the original \'er- 
nte muiit have been a transparent auimol, aud hod 
I tfyc or pair of eyes inside its brain, like that of tbe 
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/Vscidian tadpole. As the tissues of this ancestral 
Vertebrate grew deuser and more opaqae, the eye- 
bearing part of the brain wita forced by nataral 
selection to grow outwards towards the surface, io 
order that it might still be in a position to receive thft 
influence of the sun's raya Thus the very peculiar 
mode of development of the Vertebrate eye from two 
parte, a brain-vesicle (Fig. 23, A a, and Ji p r) ujid 
a skin-vesicle {Fig. 23, B e, I), is accounted for.' 
' The ea.'^ea of degeneration which 1 have up to this 
point brought forward, are cases which admit of very 
little dispute or doubt. They are attested by either 
the history of the individual development of the or- 
ganisms in ijuestion, as in Saeculina, in the Baniacle, 
and in the Ascidian, or they are cases where the com- 
parison of the degenerate animal with others like it 
in structure, but not degenerate, renders the hypothesis 
of degeneration an unassailable one. Such amea are 
the Acarus or mite, and the skin-worm (l)emodex). 

We have seen that degeneration, or the simplifica- 
tion of the general structure of an animal, may be doe 
to the ancestors of that animal having taken to ono of 
two new habits of life, either the parasitic or the im- 
mobile. Other new habits of life appear also to be 
8uch OS to teud to degeneration. Let us suppose a race 
of animals fitted and accustomed to catch their food, 
and having a variety of organs to help them in this 
chase — suppose such animals suddenly to aetjuice the 

1 1 do not nt tboprcMnl dnie (Noveiubcr lfl89) Attach gnat im- 
portance In the above mgsrftioa. Tlic lncU aduiit of othet [ 
and pLuulble bleqicvtatiotui. 
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tirer of feeding on the carbouic acid dissolved in the 
tcr around them just as green plants do. This 
would lead to u degeneration ; they would cease to 
liaiit their food, and would bask in the sunlight, taking 
, in by the whole surface, as plants do by their 
Certain small fiat worms, by name Convoluta, 
I bright green colour, appear to be in this condition. 
leir green colour is known to be the same substance 
\. leaf-green ; an<l Mr. Patrick Lleddes has recently 
wu that by tlie aid of this green substance they 
t on carbonic acid, making starch from it as plants 
As R consequence we find that their stomachs 
and intestines an well as their loc<imotivc organs be- 
come aimpUiied, since they are but little wanted. 
These vegetating animals, as Atr. Geddes calls them, 
Mre the exact complement of the carnivorous plants, 
^^fad show how a degeneration of animal forms may l>c 
^^■nBed by vegetative nutrition. 

Another possible cause of degeneration appears to 
be the indirect one of minute size. It cannot be 
■abtcd that natural selection has fret|nently acted on 
e of animals tto as U> reduce the size of the indi- 
The smallncss of size has been favourable to 
• survival in the straggle for existence, and in 
1 they have been nuluceci to even microscopic 
Mrtiona. But this reduction of sixc has, when 
to an extreme, resulted in the loss or sup- 
1 of some of the most important organs of the 
f a very minute creature ore limited 
, with those of a large one, and thus we 
Liieart and blood-vessels, gills and kidiuy^ 
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besides legs and muscles, lost by the diminutive de- 
generate descendants of a larger race. That this is a 
possible course of change all will, I think, admit. It 
is actually exemplified in Appendicularia — the only 
adult representative of the Ascidian tadpole — still 
tadpole-like in form and structure, but curiously de- 
generate and simplified in its internal organs. This 
kind of degeneration is also exemplified in the Kotifers, 
or wheel animalcules, in the minute Crustacean water- 
fleas (Ostracoda), and in the Moss-polyps, or Polyzoa. 
Roughly then we may sum up the immediate ante- 
cedents of degenerative evolution as, 1 , Parasitism ; 2, 
Fixity or immobility ; 3, Vegetative nutrition ; 4, Ex- 
cessive reduction of size. This is not a logical enu- 
meration, for each of these causes involves, or may be 
inseparably connected with, one or more of the others. 
It will serve for the present as well as a more exhaus- 
tive analysis. (See Note C.) 

And now we have to note an important fact with 
regard to the evidence which we can obtain of the 
occurrence of this process of degeneration. We have 
seen that the most conclusive evidence is that of the 
reca})itulative development of the individual. . The 
Ascidian Phallusia shows itself to be a degenerate 
Vertebrate by beginning life as a tadpole. But such 
recapitulative development is by no means the rule. 
Quite arbitrarily, we find, it is exhibited in one animal 
and not in a nearly allied kind. Thus very many 
animals belonging to the Ascidian group have no tad- 
pole young — ^just as some tree-frogs have no tadpoles. 
It is quite possible, and often, more often than hot^ 
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that the most important jxirt of the rt^capituLi- 

pbasca are absent from ihi; rlevtdopmeutal mstory 

an animal. Tho egg proceeds very rapidly to pro- 

t|j« ftdult form, and all the wonderful series of 

igBS showing the auimal'B iincestry ara absolutely 

completely omitted ; that ia to say, all those stages 

ich are of importance for our present purpose. Just 

certain liodie.s paiw from the solid to the liijuid state 

a b<Jund. omitting all inturmediatfi phases of eon- 

dstencc, but giving evidence of " internal work " by 

the suggestive phenomenon of latent heat — so do the«e 

embryos skip long traets in the historimlly continuous 

pha»e» of fonn, and present to us only the intangible 

ilfttive " internal work " in place of the tangible 

of embryonic elianges of shape. 
Now 1 want to put this case — a suppfteition — before 
the reader who bos so fai" followed me in these pages. 
Sappoae, &s might well have happened, that the Har- 
les, one and all, instead of rerapltulating in their 
[y life, were to develop diret-tly from the egg to the 
it form, as bo many animals do ; should we liave 
made out that they were degenerate Crustaceans '( 
ibly we shoulil : their adult structure still bean 
'Uot marks of aftinitieji with eraba and shrimps ; 
a matter of fact before their recapitulative de- 
Klopment had !»een discovered they were classed by 
the great Cuvieratid otlier naturalists «-ith the Molluscs, 
mussels and snaiU. 

ain that all the existing Ascidiaiis, an 

iirtnally have, had long ago lo6t tboir 

I LTO«th from theogg: k«|>['i"- 
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that uo such a thing as an Ascidian tadpuli; existed, 
but that the Ascidiaii's egg grew as directly as possible 
into an Ascidian, iu evtiry living species of the groap. 
This might easily be the case. Then moat assuredly 
we should not have the least notion that tlit; ABciilinua 
were degenerate \'"crtebratcs. We should still class 
them where they used to be classed before the Rnasian 
naturalist Kowalewsky discovered the true history and 
stnicture of the Ascidian tadpole. I believe that I 
shall have the assent of every naturalist when 1 Hay 
that the vertebrate character of the Ascidians and the 
history of their degeneration would never have been 
suspected, or even dreamed of, had the Ascidian tad- 
poles ceased to appear in the course of the Aw^idian 
development at a geological period anterior to ^e 
present epoch. 

Tina being the ease, it must be admitted tliat it is 
quite possible — I do not say more than possible — that 
other groups of animala besides parasites, BamacleB, 
and Ascidians, are degenerate. Jt is quite possible 
that animals with considerable complexity of structure, 
at lca«t as complex as the Ascidians, may hare been 
produced by degeneration from still more highly 
organised ancestors. Any group of animals to whieti 
we can turn may possibly be the result uf degeneratbn, 
and yet offer uo evidence of that degcueration in ita I 
growth fVom the egg, 

Accordingly, wherever we can note that ft group 
of orgunifims is characterised by habits Itkcly to lead 
to degeneration, such as 1 have enumeniled, yix. 
parasitism or immobility, or certain special modes % 
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■ition, or again, by minute size of its representativea 
lere we are justified in applying the hypothesis of 
meration, eveu in the absence of any conftrmatory 
lidence from embryology. "Wlien we so apply this 
hypothesis we find in not a few cases, in working over 
the details of the organisation of many different animab 
by the light whidi it affords — that much becomes clear 
and assignable to cause which, on the hypothesis cither 
of "balance" op of "elaboration," is quite hopelessly 
obecura As examples of groups of animals which can 
thus be satisfactorily explained I may cite first of all 
th« Sponges : as only sonjewliat less degenerate, we 
hare all the Polyps and Coral-animals, also the Star* 
Amongst the Mollusca— the group of head- 
bivalves, the oysters, mussels and clams, known 
the Lamellibrauchs, are, when one once looks at 
their structure in this light, clearly enough explained 
as degenerated from a higher type of head-bearing 
ive creatures like the Cuttle-fifih; whilst the Polyzoa 
MosB-polyps stand iu precisely the same kind of 
LtioD to the higher Mollusc» ' as do the Ascidiaus to 
lugber Vertebrates: they have greatly degenerated, 
become minute encrusting organisms which, like 
IB of the Ascidiaus, build up colonics by plant-like 
Iding growth. The Eotifers, or wheel animalcules, 
already mentioned as l>cat explained by the 
tion tliat they are the descendants of fiir larger 
fully -organised animals provided with loco- 

' Hot tn thi> liighir MoUnio in nil probability, buL to tome 
VWWRB-Ukn fana. Thu aiMiiliy of tlic Poljnm b itfll a pr»- 
DecemWr, 1SS». 
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motive appendages or limbs : they have dwindled and 
degenerated to their present minute size and curiously 
suggestive structure. 

Besides these there are other very numerous cases 
of animal structure which can best be explained by 
the hypothesis of degeneration. A discussion of these, 
and a due exposition of the application of the hypo- 
thesis of degeneration to the various groups just cited, 
would involve a complete treatise on comparative 
anatomy and embryology, and lead far beyond the 
limitations of this little volume. 

All that has been, thus far, here said on the subject 
of Degeneration is so much zoological specialism, 
and may appear but a narrow restriction of the dis- 
cussion to those who are not zoologists. Though we 
may establish the hypothesis most satisfactorily by 
the study of animal organisation and development, it 
is abundantly clear that degenerative evolution is by 
no means limited in its application to the field of 
zoology. It clearly ojBFers an explanation of many 
vegetable phenomena, and is already admitted by 
botanists as the explanation of the curious facts con- 
nected with the reproductive process in the higher 
plants. As a further example of its application in 
this field, the yeast-plant may be adduced, which is 
in all probability a degenerate floating form derived 
from a species of mould. In other fields, wherever 
in fact the great principle of evolution has been 
recognised, degeneration plays an important part. 
In tracing the development of languages, philo- 
logists have long made use of the hypothesis of 
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^ncrotion. Under certaiu conditions, iii the 

i and minds of this or that branch of a race, 

ly elaborate language has sometimes degener- 

and l)erome no longer (it to express complex 

• mibtle conceptions, but only such as are simpler 

1 more obvious. (See Not« D.) 

The traditional history of mankind furnishes qs 

Hth notable examples of drgeiieration. High Rtatcs 

t civilisation have decayed and given pliu:e to low 

1 degenerate states. At one time it was a favourite 

tetrine that the savage racas of mankind were de- 

s descendants of the higher and civiUsed races. 

s genorul and ewoeping application of the doctrine 

ration has been proved to be erroneous by 

cefut stndy of the habits, aria, and beliefs of savages ; 

i same time there is no doubt tliat mnny savage 

B as we at present see them are actually degene- 

and iU-e descended ti'om ancestors possessed 

relatively elaborate civilisation. As such we 

||.y cite Bumv of the Indians of Centnd Amerioi, 

modem Egyptians, and even the heirs of the 

oriental monarchies of pne-Christian times. 

bt the hj'pothesis of universal degeneration as 

xplanation uf savage races has been ja»tly dis- 

:d, it yet appears that degeneration has a verj- 

share in the explanation of the condition of 

r most ImrbanitLt rat^es, t<iich as the Fuegians, the 

liimon, and even the Australians. They exhibit 

)f being dcsoeudeU from luiccstoni more 

than themselves. 

j With regunl to nai^elves, the white races of 
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Europe, the possibility of degeneration seems to 
be worth some consideration. In accordance with 
a tacit assumption of universal progress — an unrea- 
soning optimism — ^we are accustomed to regard our- 
selves as necessarily progressing, as necessarily having 
arrived at a higher and more elaborated condition than 
that which our ancestors reached, and as destined to 
progress still further. On the other hand, it is well 
to remember that we are subject to the general 
laws of evolution, and are as likely to degenerate as 
to progress. As compared with the immediate fore- 
fathers of our civilisation — the ancient Greeks — we 
do not appiear to have improved so far as our bodily 
structure is concerned, nor assuredly so far as some of 
our mental capacities are concerned. Our powers of 
perceiving and expressing beauty of form have cer- 
tainly not increased since the days of the Parthenon 
and Aphrodite of Melos. In matters of the reason, 
in the development of intellect, we may seriously 
inquire how the case stands. Does the reason of 
the average man of civilised Europe stand out clearly 
as an evidence of progress when compared with that 
of the men of bygone ages ? Are all the inventions 
and figments of human superstition and folly, the 
self-inflicted torturing of mind, the reiterated substi- 
tution of wrong for right, and of falsehood for truth, 
which disfigure our modern civilisation — are these 
evidences of progiess ? In such respects we have at 
least reason to fear that we may be degenerate. 
Possibly we are all drifting, tending to the condition 
of intellectual Barnacles or Ascidians. It is possible 
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for us— just as the Aatddiaii throws away ite tail and 
its eye and sinks into a quiescent state of inferiority 
— tn reject the goixl gift of reason with which every 
child is born, and to degenerate into a contented life 
of material enjoyment aceorapanied by ignorance 
and superstition. The unprcjudicedj aJl-qnestioning 
spirit of cliildhood may not inaptly be compared to 
the tadpole tail and eye of tlie young Asc-idian ; we 
have to fear lest the prejudices, preoccupations, 
and dogmatism of modem civilisation should in any 
way lead to the atrophy and loss of the valuable 
mental qualities inherited by our young forms from 
primeval roan. 

There is only one means of estimating our posi- 
tion, only one means of so shaping our conduct that 
we may with certainty avoid degeneration and keep 
an onward course. We are as a race more fortunate 
than our ruined cousins — the degenerate Ascidians. 
For us it is possible to ascertain what will condace 
to oar higher development, what will favour our 
Deration. To us has been given the ])ower " to 
r the causes of things." and by the use of this 
■ it is possible for us to control our destinies. 
. for U8 by ceaseless and ever htipefol labour 
ry to gain a knowledge uf man's place in the 
r of nature. When we have gained this fully 
Imioutely, we aball be able by the light of the 
1 to guide ouraelvcs in the future. In propor- 
Ins the wholu of the past evolution of civilised 
\ of which we at present perceive the outlines, is 
I to ito causes, wi.' imt! our successors on I 
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globe may expect to be able duly to estimate that 
which makes for, and that which makes against, the 
progress of the race. The full and earnest cultivation 
of Science — the Knowledge of Causes — ^is that to 
which we have to look for the protection of our race 
— even of this English branch of it — from relapse and 
degeneration. 
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NOTES 



E PhoQtasio ist ein uDentbelirlichea Out; deun 
dureh welche neue Combinationen zur 
nlasming wiehtiger Entdeckungen gemacht wer- 
Die Kraft der Unterscheidung des isolirenden 
yotstandes. sr>wohl als die der (rrwvitemdeu und 2um 
ADgemeiueu strcbeudcn Phautasie eind dem Natur- 
fbmcher in eioem harmonischen Wechselwirken noth- 
wendig. Dnwh Storang dieses Gleichgewichts wird 
dm NaturforschtT von der Fbantasie zu Triiumereien 
wabrciid dieso Gabe dcu talentvolleu 
ribtschcr vou biiireicbender Verstaudesstiirke zu 
wichtigsten Entdeckungen fiihrt." — Johannes 
, Archivfiir Anatomie, 1834. 

B 

To niBuy penons the conclusion that man is the 
lUy modilicil diiiReudBUt of apv-likc auce^torH 
s to be destructive of the Iwlief in an iuUuoi-tal 
liu the teacbings of CitriBtiunity ; audaccui-)- 
,ey either reject Darwinism altogether, or - ' 
a special exemption &om the mode of < : 
other animals. 
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It seems worth while, in order to aecnrc a calm 
and unprejudiced consideration for the teachings of 
Darwimsra, to point out to aueh peraone tliat, as a 
matter of fact, whatever views wo may hold witb 
regard to a soul and the Christian doetrines, they 
cannot be in the smallest degree affected by the ad- 
mission that man has been derived from ape-liko 
ancestors by a process of natural selection, so long as 
the demonstrable fact, not denied by any aano person, 
is admitted, namely, that every iudividual man grows 
by a process of natural modification from a homogene- 
ous egg-cell or corpuscle. Assuredly it rannot lower 
our conception of man's dignity if we have to regard 
him OS " the flower of all the ages," bursting from the 
great stream of life which has flowed on through 
countless epochs with one increasing purpose, rather 
than aa an isolated, miraculous being, put together 
abnormally from elemental clay, and cut off by such 
portentouB origin from bis fellow-animals, and from 
that gracious Nature to whom he yearns witli filial 
instinct, knowing her, in spite of fables, to be his dear 
mother. 

A certain number of thoughtful persons admit tho 
development of man's body by natural jirocesses from 
ape -like ancestry, but believe in tlio non-natural 
intervention of a Creator at a ccrtuiu definite stage m 
that development, in order to introduce into the 
animal which was at that moment a man-like npe, 
Bometliing termed " a conscious soul," in virtue of 
which he became an ape-like man. It ajipe^irs to mo 
perfectly higitimatc and hannlcBs for iudixidaalB to 
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ike such on ossuraption If their particular form of 
i]oeophy or of religion requires it. Such an assump- 
1 does not in any way traverse the inferences from 
1 to which DttTwinism loails u»; at the same time 
jical scieace does not, and caunot be expected to, 
any support to such an assumption. The 
iBtuitouH and harmless nature of the assumption so 
far as zoological science is concerned, and accordingly 
the haaelcaaucss of the hostility to Darwinism of those 
who choose to make it, may be seen by the considera- 
tioD of a parallel series of facts and assumptions, 

Kiicb pats the matter clearly enough in its true light. 
No one ventures to deny, at the present day, that 
uy human being grows from the egg in titero, just 
m dog or a monkey does ; the facts ai-e before us 
1 can be scrutinised in detail. We may ask of 
tfaoso who refuse to admit the gradual and natural 
dtsvelupment of mna'a consciousucsa in the ancestral 
series, passing from apc-Iike forms into indubitable 
man, " How do you propose to divide the series pre- 
KDbxi by everj- individual man in his growth from 
tlic egg ? At what i)articular phase in the embryonic 
series Is the soul with its potential consciousness 
implanted ? Is it in the egg ? in the f*»tu3 of this 
month or of that ? in the new-lxirn infant ? or at five 
years uf ago ? " This, it is notorious, is a jwint upon 
which Churches have never been able to agree ; and 
_it u equally notorious that the unbroken aerioa exi»ts 
. the egg becomes the fcetus, the foetus the 
I, and the child the man. Un the other hand we 
I the historical scries — the i»ries, the existence of 
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;.- > ..:..': Lis ihlhereiits. This 
'• ^.— ;••- egir-likc orLfiinisnis to 
- :v. :Le.<e to man. Will 
- . . r . :ir previous iiKjuirics 
:.. Ily ill the presi'iit east' 
-, c\:vl series there is a break 
<.:• are we to he asked t^ 
. nature was stoi)iu.Ml, iind a 
• ■ jt.'d ■ The philosopher or 
.. school may arbitrarily draw 
' r there in either series, and 
-. raise a finji^er to stop him. 
•. scatement of faet, and Inpr 
;i.'served faet aiv respected, 
, IV between evolutionist and 
:,:au is content in the ease ol' 
•viii the o}xg to admit ihe 
.\\ and to make assumj»tions 
x..'.o the ivicion of scieniitic 
^..em only reasunabit* that 
.:.>rieal series, and frankly 
>:i of man from lower 
., . '.ly. it he so please, but 
-Millie onler as are the 
.. TV.ethinn: cnbed ilie soul 
..vies whieh In- may think 
-• . •: would aj)i)t'ar lo be 
.N>.> i»t the theoloniii^ to 
u.^ a!Hive-nuMiliou,.d M^ies 
.v ::uply, they d,, ,,. .,^ ^i,^. 

...t.^m pixHvss <>f <lev(dopmi'nt. 
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that there has been one " miracle " once and for all 

time. It sbould not be a ground of offence to any 

school of thinkers, that Darwiniam, whilst leaving 

them free scope, cannot Ik? made actually ncmtriUutory 

Ithc support of their particular tenets. 

I The diSiculiics which the theologian has to meet 

ten he is called upon to give eome account of the 

origin and nature of the soul, certainly cannot be 9ai<l 

to have been increased by the establiahmcut of the 

Darwinian theory. For from the earliest days of the 

Chorch, ingenious s|ieculation has been lavished on 

the subject. .-Vs to the origin of the individual soul, 

Tertidlian ti;Us us aa follows, De Aniina, chap. xix. : 

" Anima velut surculus qiiiduni ex matrice Adami in 

propaginem deducta, et gcnitalibus semine foveis com- 

I Dodata. Pullulabit tarn inteUcctu <iuam et sensu." 

^^ftWliilst St. Augustine says : *' Harum autem nen- 

^^BtUnim quatuor de anima, utrum de propagine 

^^niant, an in singulis qutbusque nascentibtis mox 

fiaot, an in corpora naacentium jam alicubi existcntes 

I ' ■rd mittuntur div-iuitus, vel sua sponte labantur, 

^^Kom tertiere aJUrmari oporteret : aut euim noudum 

^^H quasstio a divinorum librorum cathollcis tracta- 

^lOnbuB, pn> morito suaj obscuritatis et perplexitatis, 

VToluta atquL' illu^ttratu est ; aut si jam factum est, 

L in manus nostras hujusccmodi littenu pto- 



Jiv important form of dcgeaerotioQ, not touched 
1 the text, is that exhibited in the Mexican nxo- 
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lotl, where tlie larval form of a Salamamler develops 
generative orgaua, aud is arrested in its further pro- 
gress to the mlult parentol form. It is not poatuble 
to class this with the other phenomena which I have 
enumerated as Degeneration, since there is no modi- 
fication of an adult structure, but simple ari'est, and 
retention of the larval structure in all its completeness. 
I should call the phenomenon exhibited by the axolotl 
" arrest " or *' Buper-larvation " rather than degenera- 
tion. 

The result of super-larvation is in bo far simikr to 
that of those changes to which it ia desirable to 
restrict the term " degeneration," that it may be 
classed under " simplificativc evolution " aa opposed 
to " elaborative evolution." That there is a very real 
difference between super-larvation and degeneration 
may best be seen by taking a case of each process and in- 
stituting a comparison. The axolotl proceeds regularly 
on its course of development from the egg, but instead 
of passing from the atj^uatic gilled condition to the 
terrestrial gill-less adult foi-m of the Salamander, it 
remains arrested in the earlier condition, develops its 
reproductive organs, and projmgatea itwlf. Thure is 
no loss or atroj)hy in tlus cose, but simply a dead stop 
_^^ a progressive course. On the other hand, as we 
^bn seen, the Ascidiau loses, by a process of atrophy 
^Hft destruction, a powerful locomotive organ, a 
lughly- developed eye, a relatively large uervoxis 
sydtera. The former may be compared to a perma- 
Qeut childishness, the latter to the second childhood, 
which is really atrophy and decay. It hi highly prob- 
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I that supBT-larvatiou lias tukeu place at various 

kUs and in various groups of the animal kingilom, 

t as it does in the axoloti, and yet we canuot hope 

r evidence fitted to estatiUsh its occurrence in any 

(6, where it is no longer possible by exceptional 

litioos to recover (as in the case of the axoloti, 

I can cxperimeatally be made to advance to the 

(Jamander phase by pmper treatment), the discarded, 

I developed adult form. By super-larvatioo it 

lid ho pos5il)le for an embryonic form developed in 

I to special embryonic conditions and not rc- 

jpitulative of an ancestry, to become the adnlt form 

J race, and thus to give to the subsequent evolu- 

I of that race a totally diflfereut and otherwise 

probable diroctiou. 

tseeins also exceedingly probable that super-brva- 

. not occur only as in the axoloti through 

lature maturation of the repro<luctivc organs, but 

I pUcnomeuoii may develop itself more slowly by a 

kdual creeping forward, as it were, of larval features. 

t as the adaptations acquired in, and having rela- 

1 to, later life tend to show themselves in an early 

pod of the development of the individual and out 

tdae season ; so do characters acquired by the early 

pbryo, and having relation only to this early period 

I life teud to remain hs i>ermancnt strm-tures, and 

^ their iuvaitiuu to perturb the adult organisation. 

tcb pcrturl<ation may tend either to si mpliti cation 

I elaboration. 



58 DEGENERATION : 



D 

The term (degeneration of language) includes two 
very distinct things ; the one is degeneration of gram- 
matical form, the other degeneration of the language 
as an instrument of thought. The former is a far 
commoner phenomenon than the latter, and, in fact, 
whilst actually degeuerating so far as grammatical 
complexity is concerned, a language may be at the 
same time becoming mor^ and more serviceable, or 
more and more perfect as an organ having a particular 
function. The decay of useless inflections and the 
consequent simplification of language may be com- 
pared to the specialisation of the one toe of the 
primitively five-toed foot of the horse, whilst the four 
others which existed in archaic horses are, one by 
one, atrVied. Taken by itself, this phenomenon 
may possibly be described as degeneration, but inas- 
much as the whole horse is not degenerate, but, on 
the contrary, specialised and elaborated, it is advis- 
able to widely distinguish such local atrophy from 
general degeneration. In the same way language 
cannot, in relation to this question, be treated as a 
thing by itself — it must be regarded ns a possession 
of the human organism, and the simplification of its 
structure merely means in most cases its more com- 
plete adaptation to the requirements of the organism. 
True degeneration of language is therefore only 
found as part and parcel of a more general degenera- 
tion of mental activity. To some extent the conclu- 
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1 that tliis or that language, as cumpare<1 witli its 

irlier condition, exhibits evidence of such degenera- 

lou, must he matter of taste aud open to discussion. 

fer instance, the EngUsh of JohnHon may be regarded 

degenerate when compared witli tliat of Shake- 

Tlicre is leas probability of a difference of 

pinion as to the degeneracy of modem Greek as 

tuparetl with " classical " Greek ; or of some of the 

bodcm languages of Hindustan as compared with 

rit, and I am informed that the same kind of 

generation is exhibited by modern Irish as compared 

nth old Irish. Degeneration, in the proper sense of 

Be vord, so far as it applies to language, would seem 

t mean simply a decay or tliversion of literary taate 

nd of literary pro<biction in the race to which such 

;aagc may be appropriate;. 
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i has become the custom for the presidents of the 
nions Sections of this Association to open the pro- 
dings of the departments with the chairmanship of 
which they are charged, by formal adtlresses. In re- 
rting on the topics which it might be desirable for 
e to bring under your notice, as your president, on 
the present occasion, it has occurred to me that I 
might use this opportunity most fitly by departing 
mewhat from the prevailing custom of reviewuig the 
8 of science in some special direction during the 
r, and that, instead of placing before you a 
7 of the results recently obtained by the in- 
tigations of biologists in this or that line of inquiry, 
might ask your attention and that of the external 
; (who are wont to give some kindly considera- 
l to the opinions expressed on these occasions) to 
Imattfir which is even more directly connected with 
^e avowed object of our Association, namely, "the 
iamiceaient of Science." I pi-opose to place before 
V observations upon the provision which exists 
J for the advancemL'nt of that branch of 
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science to which Section D is dedicated — namely, 
Biology. 

I am aware that it is usual for those who speak of 
men of science and their pursuits to ignore altogether 
such sordid topics as the one which I have chosen to 
bring forward. A certain pride on the one hand, and 
a willing acquiescence on the other hand, usually pre- 
vent those who are professionally concerned with 
scientific pursuits from exposing to the public the 
pecuniary destitution and the consequent crippling 
and languor of scientific research in this country. 
Those Englishmen who take an interest in the progress 
of science are apt to suppose that, in some way which 
they have never clearly understood, the pursuit of 
scientific truth is not only its own reward, but also a 
sufl&cient source of food, drink, and clothing. Whilst 
they are interested and amused by the remarkable 
discoveries of scientific men, they are astonished when- 
ever a proposal is mentioned to assign salaries to a 
few such persons suflScient to enable them to live 
decently while devoting their time and strength to 
investigation. The public are becoming more and 
more anxious to have the opinion or report of scientific 
men upon matters of commercial importance, or in 
relation to the public health ; and yet in ninety-nine 
cases out of a hundred they expect to have that 
opinion for the asking, although accustomed to pay 
other professional men handsomely for similar service. 
There is, it appears, in the public mind a vague belief 
that men who occupy their time with the endeavour 
to add to knowledge in this or that branch of science 
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1 mj'steriously supported by the State Eiclieqaer. 

1 are thus fair game for attacking with all aorta uf 

maDds for gratuitous Bervice ; or, on the other hand, 

i notion at work appears sometimes to be that the 

ng of new kuowk'dgc — iu fact, scientific discoveri,' 

I agreeable pastime, iu which some ingenious 

ntlemen, whose business in other directions takes 

f their best hours, find relaxation after dinner or on 

spare hours of Sunday. Such mistaken views 

; to be dispelled with all possible celerity and 

lination. It is in part, owing to the fact that 

1 state of the ease la not widely and persistently 

de known to the public, that no attempt is made 

I this country to raise .scientific research, and especially 

igical rcsoai'eh, from the condition of destitution 

neglect under which it sufTers — a condition which 

r below that of the.se same interests in France and 

many, and even in Holland, Belgium, Italy, and 

ia, and is discreditable to England in proportion 

e is richer than other States. 

t appears to me that, in placing this matter before 

I may remove myself from iiny suggestion «if 

If-illterest by at once stating that the great defect 

■ which I shall draw your attention is not that the 

F existing public |Kwitiou3 whieh arc open in this 

to men who intend to devote their chief 

i to biological research are endowed ^^■itU in- 

i Balaries, but that there is not anything liko 

mtly large number of those posts, and that 

in that respect, from a national point of view, 

Kunioiy starvation of litologj-, a withholding of 



money which (to use ouother metaphor) 18 no less tbe 
8mew8 of the war of science against ignorance than of 
other lesB glorious campaigns. Surely men engaged 
in the acientific profession may advtxtate the claim of 
science to maintenance and needful pecuniary provi- 
sion 1 It seems to me that we should, if accessary, 
Btifle, rather than be controlled hy, tliat pride which 
tempts us to paint the seieatific career as one fiur 
above and independent of pecuniary con^derations ; 
whereas all the while we know that knowledge is lan- 
guishing, that able men are drawn utT irom sciuntifir, 
research into other careers, that important discoveries 
are approached and their final grasp relinquished, that 
great men depart and leave no disciples or aucceasore, 
simply for want of that which is largely given in other 
countries, of that which is most abundant in this 
country, and is so lavishly expended on armies and 
navies, on the development of commercial resources, 
on a hundred injurious or meaningless charities — via. 
money. 

I have no doubt that 1 have the sjTDpathy of all 
my hearers in wishing for more extensive provision 
in this country for the prosecution of scientific i^-scarch, 
and especially of biological j-esearch. I need hardly 
remind this audience' of the almost romantic history 
of Rome of the great discoveries which have been made 
in reference to the nature and historj' of living tJiings, 
during the past century. The microscopi', which was 
a drawing-room toy a hundred years ago, has, in the 
hands of duvotcd and gifted studcuti nf natun^ been 
the means of giving us knowledge which, on tbe one 
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, has saved thousands uf surgical jiatietite from 

rible pain nnd death, and, on the otlier hand, has 

1 the foundation of that new philosophy with which 

I name of Darwin will for ever hf associated. When 

renberg and, later, Dujardin described and figured 

: various forms of Monas. Vibrio, Spirillum, and 

ktiturium which their microscopes revealed to them, 

could predict that fifty years later these 

fanisma woidd be recognised as the cause of that 

Bnppuration of wounds which so often 

iat«d the beneficent efforts of the surgeon and 

de an oporatioa in a hospital ward aa dangerous to 

patient as residence in a plague -stricken city, 

t this is the result which the assiduous studies of 

i biologists, provided with laboratories and mainten- 

i by Continental States, have in due time brought 

Theodore Schwann, professor at Li^ge, first 

bwed that these Biicteria are the cause of the putre- 

fttiou of organic substances, and subsequently the 

nench chemist Pasteur, professor in the Ecole Normale 

., confirmed and extended Schwann's discovery, 

to eatoblish the belief that all pulrefai^tivc 

B are due to such minute organisms, and that 

3 organiflnw can be kept at liay no putrefaction 

1 occur in any given substance. 

C was reserved for our countrjiiiaD, Joseph listor, 

fply this residt to the trt-atment of wounds, and 

B famous antiseptic method to de-><tmy by means 

I poisons the pntixifactivu organisms which 

y find their way into the neighbourhoiMl of 

or of the surgeon's knife and dressings, and 
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to ward off hy similar means the access of such 
organisms to the wounded surface. The amount of 
death, not to speak of tlie suflering short of duath, 
which the knowledge of Bacteria gained by the micro- 
scope haa thus averted is incalculable. 

Yet further, the discoveries of Ehrenberg, Schwann, 
and Pasteur are bearing fruit of a similar kind in other 
directions. It seems in the highest degi-ee probable 
that the ten-ible scourge known as tubercular ctmBump- 
tiou or phthisis is due to a parasitic Bacterium (Bacillus), 
discovered two years siuce by Koch of Berlin, as tUc 
immediate result of investigations which he was com- 
missioned to carry on at the public expense, in the 
specially erected Laboratory of Public Health, by the 
German Imperial Government. The diseases known 
as erysipelas and glanders or farcy have similarly, 
within the past few months in German State-supported 
laboratories, been shown to be due to the attacks of 
special kinds of Bacteria. At present this knowledge 
has not led to a succ&ssful method of combating those 
diseases, but we can hai'dly doubt that it will ultimately 
do so. Wc are warranted in this belief by the fact 
that the dieeaae known as "splenic fever " in cattle and 
" malignant pustule " ur autlirax in man has likewise 
been shown to be due to the action of a special kind 
of Bacterium, and that this knowledge has, in the 
handsofMM. Toussaint and Pasteur, led to a treatment 
in relation to this disease similar Lo tliat of vaccination 
in relation to small-pox. By cultivation a modified 
growth of the anthrax parasite is obtained, which i 
then used in order to inocuhilu cattle and aheep witb 
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, form of the disease, such inoculation iiaviug 
; result of nrnderiog the cattle and sheen ^^^^ ^™ 
: attaeka of tlie severe form of disease, just as 
lation or inoculation with cow-pox protects man 
1 the attack of the deadly small-pos. One other 
[ may rail to mind in which knowledge of tho 
wucjc of Bacteria as the cause of disease has led to 
wessful curative treatment. A not uncommon 
Biction is inflammation of the bladder accompanied 
' ammoniacal decomposition of the urine. Micro- 
epical investigation has shown that this ammoniacal 
npositiou is entirely due to the activity of a 
«riam. Fortunately this Bacterium Is at once 
by weak solutions of quinine, which can be 
ftd into the bladder without causing any injury 
' irritation. This pxamplu appears to have great 
LDce, becauflc it ia the fact that many kinds nf 
leteria are not killed by solutions of quinine, but 
c other and much more irritant poisons to destroy 
r life, which could not be injected into the bladder 
ihout causing disastrous eS'ects. Since Bome 
ria arc killed by one poison and some by 
sr, it becomes a matter of the keenest interest 
find out all Huch poisous ; and possibly among 
VUta may be some which can he ajjplted so as to 
the Bacteria which produce phthisis, erysipelas, 
18, anthrax, and other scourges of humanity, 
not acting injuriously upon the body of 
vicdm in which thase infiniteaimal parasites 
doing their deadly work. In Buch ways as 
I bialog)' has turned the toy " magnifying-glass" 
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of the last century into a saver of life and health. 
(See Appendix A.) 

No less has the same agency revolutionised the 
thoughts of men in every branch of philosophy and 
speculation. The knowledge of the growth of the 
chick from the egg and of other organisms from simi- 
larly constituted beginnings has been slowly and con- 
tinuously gained by prodigious labour, extending over 
generation after generation of students who have 
occupied the laboratories and lived on the stipends 
provided by the Governments of European States — 
not English, but chiefly German. It is this history 
of the development of the individual animal and plant 
from a simple homogeneous beginning to a complex 
heterogeneous adult which has furnished the starting- 
point for the wide -reaching Doctrine of Evolution. 
It is this knowledge, coupled with the knowledge of 
the myriad details of structure of all kinds of animals 
and plants which the faithful occupants of laboratories 
and the guardians of biological collections have in 
the past hundred years laboriously searched out and 
recorded — it is this which enabled Darwin to propound, 
to test, and to firmly establish his theory of the origin 
of species by natural selection, and finally to bring the 
origin, development, and progress of man also into 
the area of physical science. I have said enough, in 
referring only to two very diverse examples of the 
far-reaching consequences flowing from the discoveries 
of single-minded investigatoi-s in biological science, 
to remind my hearers that in the domain of biology, 
as in other sciences, the residts attained by those who 
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tve laboured simpiy to extend our knowledge of the 

■ucture njid properties of Uviug things, in tlie faith 

tat every increase of knowledge will ultimately bring 

i blessing to humanity, have-- in fa<-t led with astonish- 

nptdity to conclusions aD'ectiug most profoundly 

1 the bodily and the mental welfare of the com- 

lily. 

Wu who know the beneBcent results which must 

' more and more from the labours of those wlio 

i able to create new knowledge of living things, or, 

■ words, are able to aid in the growth of bio- 

pcal science, must feel something more than regret 

■even indignation — that England should do so small 

proportion of the laborious investigation which is 

y, and is being carried on for our profit by 

r nationalities. It must not be supposed, because 

i have had our Harvey and our Darwin, our Hunter 

1 oar Lister, that therefore we have done and are 

I siil that i» needful in the increase of liiological 

■jice. The position of this country in relation to 

I progress of science is not to be decided by the 

bbtioD of great names. 

I We require to look more fully into the matter 

1 this. The question is not whether England has 

1 some great discoverers, or as many as any 

' nationalily, but whether we might not, with 

to our own community and that of the 

; world generally, do fai- more in the field of 

ntiHc investigation than we do. 

e hud down ua a general proposition, to 
■ of no important exception, tliat sci 



vKwat Jtso Vfotimf^i 



discovery has ouly been mado by one of two claasea 
of men, namely — (1) those whose time could be devoted 
to it in virtue of their possessing inherited fortunes ; 
(2) those whose lime could be devoted to it in virtue 
of their po&qessiug a stipend or endowment especially 
assigned to them for that purpose. 

Now it is a very remarkable fact that in England, 
far more than in any other country, the possessors of 
private fortimes have devoted themselves to scientific 
investigation. Not only have we in all parts of the 
country numerous diletturui^ who, espeinally in various 
branches of biology, do valuable work in continually 
adding to knowledge, quietly pursuing their favourite 
study ^s-ithont seeking to reach to any great eminence, 
but it is the fact that many of the greatest names of 
English discoverers in science are those of men who 
held no professional position designed to maintain on 
investigator, but owed their opportunity simply to the 
fact that they enjoyed a more or leas ample income 
by inheritance. Thus, Harvey possessed a private 
fortune, Darwin also, and Lyell. Such also is true of 
some of the English naturalists, who more recently 
have most successfully devoted their energies to re- 
search.* Those who wish to defend the present neglect 
of the Government and of public institutions to pro- 
vide means for the carrying on of scientiBu research in 

IK tbiH word in itB licit luiil tnioet ■onao, and would n&t 
tltoee whn have been nccRgtuuiisl Ui osuiciiiU with il Minis implicatioB 
of contvtupt, to tlic wiK uiul njipre«i/itjvn r«iuark£ of Govtliti un 

' I iiiid in miud roy frivnU ['rofuwor Fmnk Unlfnnr of Ciuubrlilge, 
whoK! imtiiDiily doaih has been an irrejMimbk bluw lo Ihi; \<rognm » 
science in tlila counUf. Ducemter 1888. 
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1 country are accustomed to declare as a jastifica- 

ion for this ueglect tliat we do very well without such 

revision, inasmuch as the cultivation of science here 

luristies in the haods of thoae who are in a position 

f pecmiiitrj' independence. The reply to this is obvi- 

If those few of our countrymen who by accident 

e placed in an independent position show such ability 

ui the prosecutiou of scientilic research, how much 

more would be effected in the same direction were the 

ilinery provided to enable those also who iire Jiot 

cidentally favoured by fortune to enter upon the same 

bd of work f The number of wealthy men who have 

btinguished themselves in scientific research in Eng- 

tod is simply evidence that there is a natural ability 

t liking for such work in the English character, oud 

la distinct encouragement to those who have it in 

neir power to do so to offer the opportunity of devot- 

; themselves to research to a larger number of the 

lembciv of the community. It is impossible to doubt 

t there are hundreds of men amongst us who have 

■great capacity for scientific discovery as those whom 

me has favoured A-ith leisure and opportunity. 

cannot be doubted that, were the means 

Tided to enable even a proportion of such 

to give themselves U[» to scientific iuvestiga- 

great discoveries, of no less importance to 

wtnid than those relative to the causes of 

and the development of living thiuga 

tlio egg which I have cited, would be 

1 a direct consequence of their activity, 

now wo must wait until in due tv -r - 



ft 
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of time these lUscoveries shall be made for us 
ill the laboratories of Germany, France, or Russia. 

It should further be puinteil out that it is altogetlier 
a mistake to suppose that the existence omongst us of 
a few very eminent men. is any evidence that we are 
contributing largely to the hard wurk of careful study 
and observation which really forme the material upon 
which the conclusions of eminent discoverers are based. 
You will find in every department of biulogivsl 
knowledge that the hard work of investigation is 
being carried on by the well-trained jirmy of German 
observers. Whether j'ou ask the zoologist, the 
botauist, the physiologist, or the aathropologitst, you 
will get the same answer ; it is to German sources 
that he looks for new information ; it is in Gierman 
workshops that discoveries, each small in itself, but 
gradually leading up to great couclusioua, arc (hiily 
being made. To a very large extent the business of 
those who are occupied with teaching or applying 
biological science in this country consists in making 
knowni what ban been done in German laboratories ; 
our English students flock to Germany to Icam the 
methods of scientific research ; and to such a state of 
woakueHB ia English stdeace r&luced for want of pixiper 
nurture and support, that even on some of the rare 
occasions when a capable investigator of biological 
problems has been required for the public service, it 
has l)CL-u necessary to obttin the assistance of a 
foreigner trained in the laboratories of Germany. 
{See Appendix U.) 

Let me now briefly explain what are the amuge- 
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pents, in number and in kind, which exist in other 
Aintries for the purpose of promoting the advance- 
lent of biological ecience, nnd are wanting in this 
|>untry. 

In the GonuHU Empire, with a population of 

[5,000,000, there are twcnt}'-one imiversities. These 

ihiversities are ver)' different from anything which 

s by the nani<' in this country. Amongst its other 

agements devoted to the study and teftchiug of 

1 branches of learning and science, each univeraity 

I five instituteii, or establishmentB, devoted to the 

rosocution of researches in biological aeieiice. These 

! respectively the pbysiologicid, the zoological, the 

Btomical, the pathological, and the botanical. In 

B «f these universities of average size, each of the 

tttitntca named conaists of a spaeious building con- 

ng many rooms fitted as workshops, provided with 

menta, a museum, and, in the last instance, with 

ox|wrimeutal garden. All this is provided and 

ntaiucd by the State. At the head of each insti- 

! ia the university professor respectively of physio- 

of zoology, of anatomy, of pathology, or of 

Mny. Hij is paid a stipend by the Btate, which In 

i smallest university is as low as £120, but may be 

t others as much as X700, and averages say X400 a 

Considering the relative expenditure of the 

■ofessional elasses in the two countries, this average 

lay be token as equal to £800 a year in England.' 

* Tnm tlie bc4 tbul tin.- ulorio u( jud^cii, civil icrvnntt^ military 
I nafkl oOMn, iNnonH uul BcbooUoBslen, aa alao tbe tta of phjil- 
It uul Uwfcn, HTV ill OennuijF rvnu lew Umu tuJT what It pMfl 




Besitlcs the professor, each iustitute has attached to 
it, with salaries paid by the Stnte, two qualified assiat- 
ants, who in course of time will succeed to independ- 
ent positionB, A liberal allowance ia also made to 
each institute by the State for the purchase of instru- 
ments, material for study, and for the pay of servants, 
so that the total expenditure on professor, assiBtants, 
laboratory service, and maintenance, averages £800 a 
year for each institute — reaching oa much as £2000 
or £3000 a year in the larger universities. It is the 
business of the professor, in conjunction with his as- 
sistants and the advanced students, who are admitted 
to work in the laboratories free of charge, to eaiTy on 
investigations, to create new knowledge in the several 
domains of physiology, zoology, anatomy, pathology, 
and botany. It is for this that the professor receives 
bis stipend, and it is on his success in this field of 
labour that his promotion to a more important or 
better paid post in another university depends. lu 
addition to and irrespectively of this part of his duties, 
each professor is charged with the delivery of courses 
of lectures and of elementary instruction to the general 
students of the university, and for this he is allowed 
to charge a certain fee to each student, which he re- 
ceives himself; the total of such fees may, in the case 
of a largely attended university and a popular subject, 
fonn a very important addition to the professorial 
income ; but it is distinctly to be understood that such 
payment by fees is only an addition to the professor's 

their npreHnlalivoa (n EngU&'I, I think (hat wi: on jtBttiG«d in 
nuking thi* eatimato. 
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u>, quite independent of bis stipend and of his 
ar occupation iu the laboratory : it ia paid firom 
Igeparate source and for a separate object. There are 
BUB in the German Empire taore than 100 such in- 
:e8 devoted to tbe prosecution of biological dis- 
■y, carried on at an annual cost to the State of 
t £80,000, equal to about ilGO.OOO in England, 
Piding posts of graduated value for 300 investiga- 
., some of smsll value, sufficient to carry the young 
udeut through the earlier portion of his career, 
iiilst he is being trained and acting as the assistant 
it more experienced men — others forming the suificient 
Bit uot too valuable prizes which are the rewards of 
putiuuous and successful labour. 

In addition to these umveraity institutes, there 

3 in Germany such special laboratories of research, 

b dtily salaried staff of investigators, as tbe Imperial 

litary Institute of Berlin, and the large museums 

f Berlin, Bremen, and other iai^e towns, correspond- 

Bg to our own British Museum of Natural History. 

Moreover, we must be careful to note, in making 

comparison nith the arrangements existing in 

gland, that there arc, in addition tu the universities 

I Germany, a number of other educational inatitu- 

Idiis, at least equal in numl>er, which arc known as 

biytechnic schools, technical colleges, and agricultural 

These furnish posts of emolument to a 

ut«d number of biological studentH, who give 

I of instruction to tlieir pupiUi, but they have 

bt the same arrangements for research as the aui- 

nlies, and are closely aimilar to those colleges 
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which hava been foumled of late years in the pro- 
vincial towns of Englaud, such as Briatol, Nottingham, 
and Leeds. The latter are sometimes quuted by 
sanguine persona, who are satisfied with the neglected 
condition of acieutiiic training and research in this 
country, ae really sutficient and adequate representa- 
tives of the German universities. As a matter of 
fact, the excellent English colleges in question do not 
present anything at all comparable to the arrange- 
ments of a German university, and are, in respect of 
the amount of money which is expended upon them, 
the number of their teaching staff, and the efficiently 
of their laboratories, inferior not merely to the smallest 
German university, but inferior to many nf the techni- 
cal schools of that couutry. 

Passing from Gemiany. I would now ask your 
attention for a moment to an institution which is 
supported by the French Government, ami whicli — 
quite irrespective of the French university system, 
which is not on the whole superior to tuu- own — 
constitutes one of the most effective arrangements in 
any European State for the production of new know- 
ledge. The institution to which I allude is tlie C'ollfege 
de France in Paris — coexisting there with the Sor- 
bonne, the Ecole de Medeciue, the Ecole Normale, the 
Jardin des Plantes, and other State-supported institu- 
tions — in whicli opportunity is pmvided for those 
Frenchmen wlio have the requisite talent to pursue 
scientific discovery ui the department of biology. 
and in other branches of science. I particularly meii- 
tioQ the Coll^ de France, because it appeara lo me 
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lat the foundutioii of such b college in Loudon would 

e of the simplest aud most direct steps that oould 

taken towards filling, in some degree, the void 

rom which EugliHh science suffiTs. The CoU&ge de 

incc is divided into a litemry and a scieutific faculty. 

fkculty consists of some twenty professors. 

professor in the scieatific faculty is provided 

I a laboratory and assistants (as many as four 

Bistauts iu some cases), and with n cousiderable 

lowauce for the expenses of the instruments and 

laterials required in research. Tlie personal stipend 

f each professor is i;400, which has been increased 

f an additional £100 a year in some cases from the 

[ovcrnment Department charged with the promotion 

F higher studies. The professors in this institution, 

I in the German universities, when a vacancy occurs, 

3 the right of nominating their future colleague, 

r recommendation being accepted by the Govem- 

Tiie professors are not expected to give any 

mentary instruction, but are directed to carry ou 

1 investigations, iu prosecuting which they may 

iate with themselves pupils who are sufficiently 

red to join in such work; and it is further the 

f each professor to give a cvmrse of forty lectures 

h year u]K>n the results of the researches in 

I he is engaged. There are at present among 

I professors of the College de France four of the 

; diatinguiahed among contemporary students of 

igical ueiencc : Profesjwr Brown-St^quani, ProfciMwr 

Professor Balbiani, aud Professor Rauvier. 

: who is acqaainted with the progress of 
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diRcovery in phyaiology, minute anatomy, ami embry- 
ology, will admit that the opportiuiities afforded to 
these men have not been wasted ; they have, as the 
result of the position iu which they have been placed, 
produced abundant and most valuable work, and 
have, in addition, trained youngei" men to carry on 
the same line of activity. It was here, too, in the 
College de France, that the great genius of Claude 
Bernard found the necessary conditions for its de- 
velopment. 

Let 118 now see how many and what kind of 
institutions there are in England devised so as to 
promote the making of new knowledge in biological 
science. Most persons are apt to be deceived in this 
matter by the fact that the terms " university," 
"professorship," and "college" are used very freely 
in England in reference to institutions which have no 
pecuniary resources whatever, and whii:h, instead of 
corresponding to the German arrangements which go 
by these names, are empty titles, neither backed by 
adequate subsidy of the State nor by endowment from 
private sources. 

In England, with its 25,000,000 inhabitants, there 
are only four universities which possess endowments 
and professoriates — viz. Oxford, Cambridge, Durham, 
and the Victoria {Owens College). Bedsides these, 
which are variously and specially organised each in its 
own way, there are the I^ondon Colleges (Univei-sity 
and icing's), the Normal School of Science at South 
Kensington, and various provincial colleges, which 
ani to a small and varying extent iu posaesaioa of 
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i wliich could l>c or are UHed tu promote scientific 

irch. ^Vmongst all these variously arniugcd in- 

titious tliere is au extniordiuarily small amount of 

I for biological research. In London there \» 

J profcsgorship only, that at tiie Normal School of 

piencc, which is maintained by a stipend paid by 

e State, and has a laboratory and salaried aRsistants, 

ilurly maintained, in comiet^tion with it. The 

f other posts in London which arc ptoWded with 

1 intended to enable their holders to pursue 

jvbcs in the domain of biological science, are the 

1 chaira of physiology and of zoology at University 

pUego, which, through the munificence of a private 

dividual (Mr. Jodrell), have been endowed to the 

t of X250 a year each. (See Appendix C) To 

B should be added, in our cideulatiou, certain posts 

, connection with the British lluseiim of Natural 

wry ami the Royal Gartlens at Kcw, maintained 

Q 8tate ; though it must be remembered that a 

of the cipcnditure iu those institutions is 

ily taken up in the preservation of great 

tional collections, and is not applicable to the sub- 

DtioQ of investigators. We may, however, reckon 

six posts, great and small, in the Bi-itish 

,, and four at Kew, as coming into the category 

1 we have iu view, lu Loudon, tlien, we may 

I approximat'^ly some fourteen or fifteen sub- 

i (jostfi for biological research. In Oxford there 

1 onder tliia category the jtrofessorahip of anatomy 

1 his amiistanr, that of physiology, tliat of zoology, 

"v Thp Oxford profes«or»hipfl are well 
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supported by endowment, averaging £700 or £800 a 
year ; but they are inadequately provided with assist- 
ance as compared with corresponding German posi- 
tions. Whilst Oxford has thus five posts, Cambridge 
has at present the same number, though the stipends 
are of less average value. In regard to Durham, it 
does not appear that the biological professorships 
(which have their seat in the Newcastle College of 
Science) are supported by stipends derived from 
endowment ; they fall under another category, to 
which allusion will be made below, of purely teaching 
positions, supported by the fees paid for such teaching 
by pupils. The Victoria University (Owens College, 
Manchester), supports its professors of physiology, 
anatomy, zoology, botany, and pathology, by means 
partly of endowment, partly of pupils' fees. By the 
provision of adequate laboratories and of salaries for 
assistants to each professor, and of student -fellow- 
ships, Owens College gives direct support to original 
investigation. We may reckon five major and eight 
minor posts as dedicated to biological research in this 
college. Altogether, then, we have 15 positions in 
London and 23 in the provinces (taking assistantships, 
and professorships, and curatorships together) — a total 
of 38 in all England with its 25,000,000 inhabitants, 
as against the 300 in Germany with its 45,000,000 
inhabitants. In proportion to its population (leaving 
aside the consideration of its greater wealth), England 
has only about one-fourth of the provision for the 
advancement of biological research which exists in 
Germany. 
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It would not be lair to reckon lu this couijiarison 
3 vorioug bioIogi«d professorships in snuiU colleges 
wntly created, and paid to a email extent by stipends 
Srived from endowments, in the provincial towns of 
bgland, for the holders of these chairs aro called apon 
I icftch a variety of subjects, for instance, zoology, 
ytany, and geology combined ; and not only is the 
Bvotion of the enei^es of their teaching staff to 
beutific discovery not conUimplated iu tlie arrange- 
■nt of these institutions, but, as a matter of fact, the 
! demamls made on the professors in the way of 
icbing must deprive them of the time necessary for 
by serious investigation. Such posts, iu the fact that 
pther time, assistants, nor proper laboratories are 
IDvided to enable their holders to engage in scientific 
learch, are sehoulmastersliips rather than professor- 
kips, as the word is used in German uniTersities. 
J Appendix C.) 

One result of the exceedingly small provision of 
inttons in England similar to those fni-nished by the 
lan university system, and of the irregular, un- 
I character of many of those which do exist, is 
■t there is uu insufficient sujjply of young men willing 
I enter upon the career of zoologist, botanist, physiolo- 
Bt, or pathnlo^fist as a profession. The number of 
^t8 is too Bmull to ereate a profession, Le. an avenue 
and consequently, whereas iu Germany 
) is always a large Inxly of new men ready to fill 
I the vacuneics an they occur in the profe^sorinl 
Mtiou, iu Eugluud it very naturally doea uot 
p our university students as a Feasouuble t 
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to t.'ut«r upon research as a profeRsioii, wbcu the 
chancea of employment are so few nnd far between. 

Before stftting, as I propose to do, what appears to 
me a reasonable and proper method of removing to 
Borne extent the defect in our national life due to 
the want of provision for scientific i-esearch, 1 will en- 
deavour to meet some of the objections which are 
usually raised to such views as those which I am ad- 
vocating. The endowment of research by the State, 
or from public funds of any kind, is opposed on various 
grounds. One ia that such a<;tion on the part of tie 
Government is well enough in Continental Stat«», but 
is contrary to the spirit of English statecraft, which 
leaves scientific as well aa other enterprise to the in- 
dividual initiative of the people. This objection i« 
based on error, both as to fact and theory. It is well 
enough to leave to individual effort the conduct of 
such enterprises as are remunerative to the parties who 
conduct them ; but it is a mistake to speak of scientific 
research as an " enterprise " at all. The mistake arises 
from the cxtraordinaiy pertinacity with which so- 
called "invention " is confounded with the discovery 
of scientific truth. New knowledge in biological or 
otlu^- branches of science cannot be sold ; it has no 
marketable value. Koch could not have sold the 
discovery of the Bacterium of phthisis for aa much as 
sixpence, hud he wished to do so. Acconliugly, we 
find that there is not, an J never has been, any leudcQcy 
among the citizens of this country to provide for 
themselves institutions for the manufacture of : 
article of so little pecuniary value to the iudividaal 
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who tarns it oat as is new knowledge. On the other 
iid, as a matter of fact, the providing of tneiins for 
be moDufucturti of that article is not ouly not foreign 
B English statecraft, but is largely, though not largely 
I, undertakeo hy the English State. The Royal 
Tatories, the Britisli Museum, the Royal Gardens 
w, tlie Geological Survey, the Government grant 
I £4000 a year to the Royal Society, the X3O0 or 
!400 a year (tiot a large sum) expended through the 
iical officer of the Pri\-y Council upon the ex]>cri- 
I investigation of disease, are ample evidence 
t such providing of moans for creating new know- 
' forms part of the natural and recognised re- 
aibUities of the British Government. Such a 
wDsibility clearly is recognised in this country, 
I doea fall, according to the present arrangement 
r things, upon the central Government. What we 
■vc to r^ret is, that those who temporarily hold the 
1 of government fail to perceive the lamentable 
nuacy of the mode in which this responsibility 



. second objection which is made to the endow- 

nt of research by jmbtic funds, or by other means, 

I as voluntary contributions, is this : it is stated 

lat men engaged in scientific research ought to teumk, 

1 Urns gain their tivelihocxl. It is argued, in fact, 

1 is no need whatever to provide stipends or 

■atories for rcfiearchcra, sbice they have only to 

Lud ap aud tencli in order to make incomes sufficient 

] them and their families, and to provide them- 

'■' ' tiitratnrifs. This is a ven,- pliiu-iMi- 
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statement, because it is the fact that some inveatigatora 
have also been excellent lecturers, and have lieen able 
to make an income by teaching whilst carrying ou u 
limiteil amount of scientific investigation. But neither 
by teaeliing in the form of jiopular lectures, nor by 
teaching university or professional students who (lesJre 
as a result to pass some examination tist, is it posaibL', 
where there is a fair field and no favour, for a man to 
gain a rcaaonable income and at the bhuxv. time to 
leave himself time and energy to carry on original in- 
vestigations in science. 

In some universities, such as those of Scotland, the 
privilege of confurring degrees of pecuniary value to 
their possessors becomes a soui-ce of income to the 
professors of the university ; they are, in fact, able to 
make considerable incomes, independently of endow- 
ment, by compelling the candidates for degrees to pay 
a fee to each professor in the faculty for the right of 
attending his lectures and of presentation to the degree. 
Consequently, teaching here appears to be producing 
an income which may support a reseai-cher ; in reality, 
it is the acquisition of the university degree, and not 
necessarily the teachiug, fur which the pupil fiays liis 
fee. Where the teacher is unprotected by any com- 
pulsory regulations (such as that whicli requires attend- 
ance on his lectures and fee-payment on the part of 
tlic pupils) it is impossible for him to obtain such an 
income by teaching for one hour a day as will enable 
him to devote the rest of the day to unremunerative 
study and investigation, for the following reason. 
Other teachers, equaJly satisfactory as tcachcTB, i 
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Bt«r iuto competitiou vniU liim, without having the 

• bitcntion of toochmg for one hour only, and of 

rrriog on researches for the rest of the day. They 

i contemplate teiiching for six hours a day, and 

pey will iiceordingly offer to those who require to be 

ight either six hours' teaching for the same fee which 

ke researrher charges for cue, or one hour for a sixth 

: of that fee. Consequently the unprotected re- 

pcher will find his lecture-room deserted — pupils 

ill naturally go to the equally good teacher who 

rves more teaching for the same fee, or the same 

J for a less fee. And no one can say that this 

i not as it should lie. The university pupil retjuii-es 

Kcertaiu course of instruction, whicli he ought to lie 

pie to buy at the cheapest rate. It does not 6cem to 

i doing justi<;e to the pupil to compel him to fonn 

pe of a elass ctjnsisting of sume hundreds of hearers, 

^eie he can obtain but little personal supervision or 

Mention from the teacher, whereas if he had the free 

of his fee, he might obtain six times the 

IDtraDt of attention from another teacher. This 

kUgemcnt does not seem to be justifiable, even for 

B purpose of providing the university professor with 

, income and leisure tu jjursuu scientific reHearch. 

|iu student's fee should pay for a given amount of 

: at the market value, and he has just cause 

t complaint if, by compuluory cuactment^, he is taxed 

I provide the country with soieutific iorestigatiou. 

Teaehing must, in all fairness, ultimately be paid 

I teaching, and ccieutific rusearuh muHt lie pro- 

1 for, out of othHr funds ihan those extraeted from 
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the pockets of needy students, who have a reasonable 
right to demand, in rotnrn for their fefis. ii full modi- 
cum of instruction and direction in study. 

In the German universities, the professor receives 
a stipend which providea for him as an investigator. 
He also gives lectures, for which he charges u fee, but 
no student is compelled to attend those lecture* hm 
a condition of obtaining his degree. Accordingly, 
independent teachers can, and do, compete with 
the professor in providing for the student's require- 
ments in the matter of instruction. As a conseqaencc, 
the fees charged for teaching are exceedingly nmall, 
and the student can feel assured that ho is obtaining 
his money's worth for his money. He is not com- 
pelled to pay any fee to any teacher as a condition of 
his promotion to the university degree. In a Ocnnan 
university, if the professor in a given subject is iu- 
competent, or tlie class dvercrowded, the student can 
take his fee to a private teacher, and get Iwtter 
teaching; all that is required of the candidate, as 
a condition of his promotion to the Doctor's dcgi'cc, 
is that he shall satisfy tlie cxaminatioD-tests imjiosed 
by the faculty, and produce an original thcsiH. 

Unless there be some such compelling inHuemy; as 
that obtaining in the Scotch universities, enabling the 
would-be researcher to gather to him pupils and fees 
without fear of competitiou, it seems impossible that 
he should gain an inc:ome by teaching whilst reserving 
to himself time and energy for the pursuit of scientific 
inquiry. It is thus seen that tho neeessiiy . '" - ' - 
ment, in some form or another, to make j'l 
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pentific researcli, is a reality, in spite of the suggestion 
t teaching aflbrdi* a nieanfl whereby the researcher 
lay readily provide for liimsel£ The simple fact 
I that a teacher can only make a sufficient income 
' teaching, on the condition that he devotes his 
iole time aud energy to that occupation. 

Whilst I feci called upon t-o emphatically distinguish 

ihe two functions — viz. that of creating tww know- 

, and that of distribulintf existiiuj knoxdedge — 

to maintain that it is only by arbitrary and 

hdesirablc arrangements, not likely to be tolerated, 

■; at any rate, extended, at the present day, that the 

Mtr can lie made to serve as the support of the 

mer, I must be careful to point out that I agree 

tot cordially with those who hold that it is an 

xllent thing for a man who is engaged in the one 

I give a certain amount of time to the other. It 

la matter of experience that the best teachers of 

nbject are, vmtfris paribus, those who are actually 

1 in the advancement of that subject, aud who 

Ire shown such n thorough understanding of that 

pject as is necessary for making new knowledge 

f connection with it. It i» also, in mo»t cases, a 

1 thing for the man cngage<l in research to have a 

1 small amount of chaugc of occupation, aud to 

» called upon to take such a .survey of the subject in 

naectian with which his researches are made, as 

^inrolved in the deliver}* of a course of lectures and 

per details of teaching. Tliougli it is not a thing to 

I ooniemplated that the researcher shall sell hia 

[Qtion nt a price suffiriently high t^i enable him 
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to live by teaching, yet it is a good thing to make 
teaching an additional and subsidiary part of his life's 
work. This end is effected in Germany by making it 
a duty of the professor, already supported by a stipend, 
to give some five or six lectures a week during the 
academical session, for which he is paid by the fees of 
his hearers. The fees are low, but are sufficient to be 
an inducement ; and, inasmuch as the attendance of 
the students is not compulsory, the professor is 
stimulated to produce good and effective lectures at a . 
reasonable charge, so as to attract pupils who would 
seek instruction from some one else if the lectures 
were not good or the fees too high. Indeed, in 
Germany this system works so much to the advantage 
of the students, that the private teachers of the 
universities at one time obtained the creation of a 
regulation forbidding the professors to reduce their 
fees below a certain minimum, since, with so low a fee 
as some professors were charging, it was impossible 
for a private teacher to compete ! This state of things 
may be compared, with much advantage, with the 
condition of British universities. In these we hear, 
from one direction, complaints of the high fees charged 
and of the ineffective teaching given by the pro- 
fessoriate ; and in other universities, where no 
ade(juate fees are allowed to the professors as a 
stimulus to them to offer useful and efficient teaching, 
we find that the teaching has passed entirely out 
of their hands into those of college tutors and 
lecturers. The fact is that a satisfactory relation 
between teaching and research is one which will not 
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Jly 011(1 Hpoiitnneoasl}' arrange itself. It can 
' be said to exist 'm auy British uuivereity or 
but the method has been thought out «ud 
ricd into prautict! in Gfnaaiiy. 1 1 consists in giving 
■competent researcher a stipend aud a laborator)' for 
i reiwairch work, and then requiring him to do a 
uiU amount of teacliing, remunerated by fees pro- 
rtionat* to his ability ami the pains which he may 
} in liis teaching. If you pay hini a fixed sum as 
icher, or artifidally insure the attendance of hia 
, instead of letting this part of his income vary 
■ and directly with rhe attractiveness of his 
iclu'ng, you will lind as tlie result that {with rare 
)tioD8) he will not give effectiv-o and useful 
^. H? will naturally tend to do the minimum 
I of him, in a perfunctory way. On the other 
pd, if yon leave him witliout stipend as a ruseareher, 
dent un the fees of pupils for an inmme, he will 
I all his time and energies to teaching, lie will 
I to do any research, and Iwcome, pm tatito, an 

r teacher. 

A thini objection which is nomeliraeR made to the 
(DpositioD that scientific research mu«t be supported 
I for a-s ^uch, is the following : It is believed 
IT persons that a man who occupies his beet 
pes in Hcicntific researcli can always, if he choose, 
! au income by WTiting popular books or ncws- 
■ articles in his spare hours; and, accordingly, 
f^vely msintaint-fl that there in no need to 
i stiiK-ndit and the uu*au» of L-am*ing im thi>ir 
for reM^an^bcrs. To do »o, according to this 
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view, would be to encourage them in an exclusive 
reticence, and to remove from them the inducement to 
address the public on the subject of their researches, 
by which the public would lose valuable instruction. 

This view has been seriously urged, -or I should 
not here notice it. Any one who is acquainted with 
the sale of scientific books, and the profits which either 
author or publisher makes by them, knows that the 
suggestion which I have quoted is ludicrous. The 
writing of a good book is not a thing to be done 
in leisure moments, and such as have been the result 
of original research have cost their authors often years 
of labour apart from the mere writing. Mr. Darwin's 
books, no doubt, have had a large sale ; but that 
is due to the fact, apart from the exceptional genius of 
tlio man who \\Tote them, that they represent some 
thirty or more years of hard work, during which he 
was silent. There is not a sufficiently large public 
intorested in the progress of science to enable a 
iwHoan^her to gain an income by writing books, 
how over great his litemry facility. A school-book or 
olass-luHik may now and then add more or less to the 
iu^ouu^ i>f a scientific investigator ; but he who 
UsH-omort the popular exponent of scientific ideas, 
v^W'opt in a very moderate and limited degree, must 
aUaulou tho work of creating new knowledge. The 
jKi^ntWsioual littentteur of science is as much removed 
U\ Ki.H iHHnipution from all opportunity of serious 
mwviliijutiou as is the professional teacher who has to 
kKat-iumo all liin time in teaching. Any other pro- 
Uvwiuou Much as the Bar, Medicine, or the Church — 
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I more likt'Iy to leave one of itn followers time and 
Deans ft>r seietitific research tli;in is that of either the 
topular writer or the successful teacher. 

We have, then, seen that there is no escape from 
necessity of providing stipends and hilioratories 
r the purjiose of creating new knowledge, as is done 
I Continental States, if we are agreed that niorc of 
new knowledge ia needed and is among the 
wlucts which a civilised community is bound to 
out, both for its own benefit and for that of 
i community of States, which give to and t*ike from 
B another in such matters. 

There are some who would finally attack our 

Dtcntion by denying that new knowledge is a good 

Ing, and by refusing to recognise any obligation on 

r part of England to contribute her share to that 

1 stock of increasing knowledge by which she 

ily profits. Among such persons are those 

B would pn>hibit altogether the jmrsuit of experi- 

intal physiology in England, and yet would not and 

. hesitate to avail themselves of the services 

medical men, whose power of rendering those 

I dcpcndit on the ijtct that they have learnt the 

i obtained by the experiments of physiologists 

r countries or in fonn^T times. In reference to 

strange contempt and even hatred of science, 

undoubtedly has an e.xi8teDCC among some 

tona of consideration, even at the present day, 

shidl have a few wonls to say before concluding 

t addrosi). I have now to ti^k you to liKteu to 

t Beenis to me to be the demand which we ^houM 
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make, as members of a British AHsooiation for tlit- 
Advancement of Science, in respect of adeijUftte 
jjrovision for the creation of new knowledge in the 
field of biology iu England. 

Taking Eugland alone, us distinct from Scotland 
and Ireland, we require, in order to be approximately 
on a level with Germany, forty new biological insti- 
tutes, distributed among tht; five branches of physi- 
ology, zoology, anatomy, pathology, and botany — forty 
in addition to the fifteen wliich we may reckon (taking 
one place with another) m already existing. The 
average cost of the buildings required would be about 
£4000 for each, giving & total initial expenditure of 
£ 1 60,000 ; the average cost of stipends for the director, 
assistants, and maintenance wc may calculate at £ 1 500 
annually for each, or £60,000 for the forty — equal to 
a capital sum of £3,000,000. Thesf? institutes should 
be distributed iu groups of five — eight groups in all — 
throughout the country. One such group would 1» 
placed in London (which is, at present, almost totally 
destitute of such arrangements), one in Bristol, one in 
Birmingham, one iu Nottingham, one in Leeds, ono in 
Newcastle, one in Ipswich, one in Cardiff, one in Ply* 
mouth — in fact, one in each of thu great towns of the 
kingdom wliere there is at pieacnt, or wlicre there 
might be with advantage, a centre of professional 
education and higher study. The first and the most 
liberally arrangoii of thtae biological inatitutca — em- 
braemg it* five branches, each with its special Uboratoiy 
and staff — should Iw in London. If we can have 
nothing else, surely wc uiay dumuud, with .some hope 
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tour request will cveiitiidly nlilaiu eompliauec, llio 

mation in Loudon of a College of Scientific Kcscarcb 

ini]ar to that of Paris (the College de France). It 

3 of the misfortunes aud disgraces of Loudon that 

lone amongst tlie capitals of Europe, with the 

option of Constantinople — it is destitute of auy 

titation corresponding to the universities and 

puges of research which exist elsewhere. 

I Either in connection vnlb a properly organised 

tching university or as an independent institution, 

. to me a jmmary need of the day that the 

ivernmeut should establish in Londou hiboratories 

^flcieutific research. Two hundred and fifty years 

p Sir Thomas Greaham founded an in«titntion for 

ntific research in the City of London. The property 

1 be left for this purpose is now estimated to be 

rth three millions sterling. This property was 

iilely appropriated to other uses liy the Cor])or- 

f the City of Londou and the Mercers' Company 

I hundred years since, with the consent of both 

of Parliameut. By tliis outrageouH act of 

intioQ these Corporations, who wore the trustees 

Bresbam, have incurred the curse which he quaintly 

rted Ju his will in the hoiw of restraining them 

I attempts to divert his projuTty from thn uses to 

, he destine*! it. "Gresham's curse" runs a« 

a : " And that 1 do require and charge the said 

'ation^ and chief governors thL'reof, with circum- 

;euei: and without long Deky, to procure 

bu done and obtained, as tbev will uuswcr 



B l>efore Almighty t»od ; (for if rli- 



■■f 
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them should neglect the obtaining of such Licenses or 
Warrants, which I trust can not be difficult, nor so 
chargeable, but that the overplus of my Rents and 
Profits of the Premisses hereinbefore to them disposed, 
will soon recompense the same ; because to soe good 
Purpose in the Commonwealth, no Prince nor Council 
in any Age, will deny or defeat the same. And if 
conveniently by my Will or other Convenience, I 
might assure it, I would not leave it to be done after 
my death, then the same shall revert to my heirs, 
whereas I do mean the same to the Commonwealth, 
and then the Default thereof shall be to the Re- 
proach and Condemnation of the said Corporations 
afore God)/' I confess that I find it difficult to see 
how the present representatives of the Corporations 
who perverted Gresham's trust are to escape from 
justly deserving the curse pronounced against those 
Corporations, unless they conscientiously take steps to 
restore Gresham s money to its proper uses. Let us 
hope that Gresham's curse may be realised in no more 
deadly form than that of an Act of Parliament repeal- 
ing the former one which sanctioned the perversion of 
Gresham's money. Such a sequel to the Report of the 
Commission which has recently inquired into the pro- 
ceedings of the Corporation and Companies of the City 
of London is not unlikely. 

Whilst we should, I think, especially press upon 
puljlic attention the need for an institute of scientific 
research in London, and indicate the source from which 
its funds may be fitly derived, we must also urge the 
foundation of other institutes in the provinces upon 
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1 scale already sketched, becauae it U only by the 

bteDcc of numerous posts, and of a scries of such 

wts — some of greater and some of less value, the 

r more numeroUH tliau the former — that anj-thing 

s a professional career for scientific workers can be 

istructed. It is especially necessary to constitute 

. I have termed " assistantships," that is, junior 

1 in which younger men aasist and are trained by 

! experienced men. Even in the few institutions 

ich do already exist adilitional provision of tbis 

J what is wanted more than imything else, so 

t thert- may Ixi a progressive career open to the 

^ student, and a sutbcient field of trained investi- 

»r» from which to select in fillin g up the vacancies 

I more valuable positions. 

I am well aware that it vnW be said that 
scheme which I have proposeil to you is 
Bgantic and almost alarming in respect of the 
mount of money which it demands. One hundred 
sixty thousand pounds a year for biology 
ne roust seem, not to my beard's, but to those 
regard biology as au amusing speculation — 
is to say, who know little or nothing about 
■ ao extravagant suggestion. Unfortunately 
t is also true thai such persons are very numen^us 
[-m fact, constitute an overwhelming majority 
community ; but they are becoming less 
evcrj- day. The time will come, it 
poHsililo, when there will I)u moru than one 
f the Government who will understand 
ri.it o the value iif wrifliitifi*'. ri'.-^'.ip'h. 



BI0t.0OT AND TBB ( 



There are iilready a few members of tlic Home 
of Commons wlio are fully alive to its signiiicaiiice 
and importance. 

Wo may have to wait for the expenditure of aoch 
a sura as I have named, and possibly it may be derived 
ultimately from local rather than imperial aourccK, 
though I do not see why it should be ; yet 1 think it 
is a good thing to realise now that this is wlmt we 
ought to expend in order to be on a level with Germany. 
This apparently extravagant and unheard-of appropri- 
ation of public money is actually made everj' yeai" in 
Germany. 

I think it is well to put Una matter before you in 
this definite manner, because I have reason to Ijelieve 
that even those whom we might expect to be well 
informed in regard to such matters, ai-e not so, and as 
a consequence there is not that keen sense of the in- 
feriority aiul inadequacy of English arrangcmentB in 
these matters which one would gladly see actuating 
the conduct of English statesmen. For instance, only 
a few years ago, when spcakiug at Nottingham, the 
present Prime Mini.ster, who hm taken au active part 
in rearranging our universities, and has, it is well 
known, much interest in science and learning, stated 
that £27,000, the capital 8Um expended on the Notting- 
ham College of Science, was a very imiwrtont oontri- 
butiou to the support of learning in this country, 
amounting, as he said hu wom able to etut<e, front the 
perusal of official documents, to as much as ime-tlurd 
of what wa.s spent in Gcimany during the past yoar 
upon her numeroufi unix'craitics, which were so often 
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I ap to EIngland as an exampk of & well tiupported 

idcmical system. Now, I do not thiuk that Mr. 

Utone can have ever had the opportunit)- of eon- 

j the actual fiictn with regard to German uni- 

uitiiM, for hi! wa« in this instance misled by liie 

1 return of expenditure on a single university, 

mely, that of Strasburg ; the total annual expendi- 

a on the twenty-one Gennan universities being, in 

lity, about £800.000, by the side of which a capital 

I of £37,000 looks very small indeed. I cannot 

t believe that if tlie facts were knou-n to public men, 

■enco to tht; expeuditure incurred by foreign 

a in support of scientific inquiry, they would be 

ing to do something in this country of a sufficient 

1 statesmanlike character. As it is, the concessions 

liich have heeu made in this direction appear to roe 

Irbc in somt' instances not based upon a really com- 

jeheosive knowledge of the situation. Thus the 

e grant of £4000 a year from the Treasury to 

at Society of London appears to me not to be 

li-<leviF«<I exi)eriment in the promotion of scientific 

f means of gmuts of money, tKH:au8e it is on 

1 scale to produce any defijiitc effect, and 

-he money cannot he relied upon from year to 

s a ptnnaneut source of sup[>ort to any serious 



The Royal Society mo^t laboriously and conscien- 

htulj doefl its liest to u»e this money to the satis- 

tion of the country, but the titak thus aAsigned to 

B of almost insurmountable dilficulty. In fact. 

b miniature experiments are needed. The 
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experiment has Ijeen made on a large scale in (jer- 
many, and satisfactory rtsults Uave been obtained. 
The reaaonable course to pursue is to benefit by the 
experience, as to details and methods of administra- 
tion, obtained in the course of the last sixty years in 
Germany, and to apply that experience to our own 
case. 

It is quite clear that " the voluntary principle " can 
do little towards the adequate endowment of scientific 
research. Ancient endowments belonging to the 
country must be applied thereto, or else local or im- 
perial taxes must be the source of the necessary sup- 
port. Seeing that the results of research are distint:tly 
of imperial, and not of local value — it would seem 
appropriate that a portion of the imperial revenue 
should be devoted to their achievement. In fact, as 
I have before mentioned, the principle of such an 
application of public money has long been admitted, 
and is in operation. (See Appendix C.) 

Whilst voluntary donations on the part of private 
persons can do little to constitute a fund which shall 
provide the requisite endowment for the scheme of 
biological institutes which I have sketched (not to 
mention those required for other branches of ecienoe), 
yet those who are interested in the progrcas of sden- 
titic investigation may by individual effort do some- 
thing, however little, towards placing research in a 
more advantageous position in this country. Suppos- 
ing it wore ponsible, ae I am sanguine enough to 
believe that it m, to collect in the course of u year or 
two from private sources a sum of £20,000 for the 
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maintenance of a biologicaL laboratory and staff, it 
would be necessary, in expending so limited a sura, to 
Mim at the pro^Hsion of something which would be 
Uikcly t<i produce the largest and moat obvious results 
^b return for the outlay, and to benefit the largest 
^■bmber of scientific observers in thin de[iartmenL 
H I believe that it is the general opinion among 
^BologiBta that there could be no more generally 
^■efii] institution thus set in operation than a bio- 
Hgical laboratory upon the sea-<:oast, which, besides 
^B own permanent staff of officers, would throw open 
^■1 resources to such uaturalistn as miglit from time 
^p time be able to devote themselves to researches 
^Ethin its precincts. Thei-o is no such laboratorj" on 
^Re vhole of the long line of British coast. At 
^uples there is Dr. Dohrn's celebrated and invaluable 
Hbontor)', which is frequented by naturalists from all 
Huis of the world ; at Trieste the Austrian Govem- 
^■ent supports such a laboratory ; at Concameau, 
^■OAcoff, Hurl Yillefrauchc, thi; French Government has 
^pcb institutions ; at Beaufort, in North Carolina, 
^■e Johns Hopkins University has its marine lalrora- 
^■ry ; and at Newport, Professor Alexander Agassiz 
^w arranged a very perfect institution abo for the 
^■ody of marine life. In spite of the great interest 
^Bucb English naturalixt^ have always taken in the 
^■ploration of the sea and marine organisms — 
^B Rpite of the fact that the success and even 
^■e existence of our fisheries -industries t^ a large 
^Kteni depends upon our gaining the knowledge 
^Blicli K well -organised laboratory of murine biology 
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would htlp US to gain, there is a<:tuaUy no such 
institution in existence. 

This is not the occasion on wliicli to explain pre- 
ciaely how and to what extent a lalionitory of marinu 
zoology might be of national importance. I hope to 
see that matter brought before the Section diiriiig the 
course of our meeting. But 1 may point out now, 
that though it appears to me that the great need for 
biological institutes, to which 1 have drawu your 
attention, ean not be met by private munificence, and 
must in the end be arranged for by the continued 
action tjf the Government in cairying out a policy to 
which it has for many years been committed, aniJ 
which has been approved by Conservatives and 
Liberals alike — yet such a special inBtitution as a 
laboratory of marine biology, serving as a temporary 
workshop to any and all of our numerous atudeuts of 
the impoi-tant problems connected with the life of 
marine plants and animals, might very well be uudex- 
takcn from privnte funds. Should it bu postiible, on 
the occasion of this meeting of the British Aasociatjon 
in Southport, to obtain some promise of aasistanco 
towards the realisation of this project, I ihink wc 
shall be able to congratulate ourselves on having done 
something, though small perhaps in amount, towards 
making better provision for biological research, and 
therefore something towanls the advancement of 
science.' 

' The wish lii-re expretiHed wiu •ulwcturnllv nivliwi!- By puUUo 
•ubAcriptiiin and Gorcrnmont a)<l, a wi>U-Miui|ii>Mt lalnratcry ha« 
bw-n erectixl on tho thnrr of PJymoutb Boiimi For »n vxmit ot 
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conclusion, let me say that, in ndvocating 

lay the claim of biological science to a far greater 

! of support than it receives at present from 

public funds, I have endeavoured to press that 

1 chiefly on the ground «f the olivious utility to 

■ community of that kind of kiiowledgf which is 

biology. I have endeavoured to meet the 

wition of those who object to the interference of 

3 wherever it may be possible to attain the 

in view without such interference, but who 

lofcss themselves witling to see public money ex- 

1 in promoting objects which are of real import- 

i to the country, and which cfinuot be trusted to 

li volunUiry enter|>rise arising &-om the operation of 

; lawit of self- presei-vatiou and the struggle for 

ilth. There we, however, it seems to me, further 

ions for desiring a thorough and prai!tic^l recogni- 

1 by the State of the value of scientific research. 

■ are not wanting persons of some cultivation 

1 have perceived and fully realised the value of 

knowledge which is called scieuee, and of ibs 

hods, and yet arc anxious to restrain rather than 

I the growth of that knowledge. They find in 

^ Boniethiug inimical to their own interests, and 

urdingly either condciuu it as dangerous and un- 

itworthy, or encourage themselves to trcjit it with 

btcmpt by asserting that "after all, science couota 

r little " — a statement which is unhappily true 

k one sense, though totally untrue when it is intended 

111 utsanWtioD, tin- m>l«r U retcrriNl tu lli<- appcnilix to 
k> T. of die prvwnt wiitt of papiint. DocoiaUr I SB^. 
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to aiguify that the progress of scieno; is not a mutter 
which profoundly influeuces ovory factor in the well- 
heing of the community. Amongst such people there 
is a positive hatred of science, which finds expression 
in their exclusion of it, even at this day, from the 
ordinary cm-riculum of publie school education, and 
in the baseless though oft-rcpeatcd calumny that 
science is hostile to art, and is responsible for all that 
ie harsh, ugly, and repulsive in modern life. To such 
opponents of tlie advancement of aeionce, it is of little 
use to offer explanations and arguments. But we 
may, when we retleet ou their instinctive hostility 
and the misrepresentations of science and the scicntiiic 
spirit which it leads tliom to disseminate, console 
ourselves by bringing to mind what science really is, 
and what ti-uly is the nature of that calling in which a 
man who makes new knowledge is engaged. 

They moi'k at the botanist as a pedant, and the 
zoologist as a monomaniac ; they execrate the physi* 
olngist as a mon.it*r of cruelty, and brand the geolo- 
gist as a blasphemer ; chemistry is held responsible for 
the abomination of aniline dyes and the pollution of 
rivers, and physics for the dirt and misery of gnai 
factory towns. By these unbelievers science is 
declared reaponaible for individual cceenlricitiea of 
character, as well as for the sins of the commercial 
utilisers of new knowledge. The pursuit of HciencB is 
said to produce a dearth, of imagination, incapability 
of enjoying the beauty either of nature or of trt, 
Bcom of literary culture, arrogance, irrevoreiico, i 
and the ambitioD of personal glorification. 



I 
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SucIj are tbe liUargea from time to timo made by 

i who dislike science, and for such rcasoos they 

aid withhold, and persuade others to withhold, the 

' mctuiure of sup[)ort for SL-ientific research which 

country owes to the commuuity of civilised 

Ifttes. Not in reply to these misrepresentations, 

by way of contrast, I would here state what 

fence 8cem8 to be to those who are on the other 

le, and how. therefore, it seems to them wTong to 

lay in doing all that the wealth and power of the 

tXe can do to promote its progress. 

Science is not a name applicable to any one branch 

\ knowledge, but inchides all knowledge which ia of 

1 onier or scale of comploteuess. All know- 

! which is deep enough to touch the causes of 

J8, is Science ; all inquiry into the cause.') of things 

Kieotific inquiry. It is not only coextensive with 

u of human knowledge, but no branch of it fan 

ince far without reacting upon other branches ; 

no depjirtmeut of Science can be neglected without 

r:W)oncr or lat«r causing a check to other departments. 

^ man can truly say this branch of Science ia useful 

1 shall be cultivated, whilst this is worthless and 

I be let aloue ; for all are necessary, and one grows 

f the aid of another, and in turn furnishes methods 

. resoItA aKsisting in the progress of that from 

1 it lately boiTowud. 

Wo desire thu increase and the support and the 

peptance of Science, not only because it has a certain 

. valne and enables men to battle with the 

i of nature and to turn them to account, so as to 
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increase both the intensity and the extension of 
healthy human life ; that is a good reason, and for 
some persons, it may be, the only reason. But there 
is something to be said beyond this. 

The pursuit of scientific discovery, the making of 
new knowledge, gratifies an appetite which, from 
whatever cause it may arise, is deeply seated in man's 
nature, and indeed is the most distinctive of his 
properties. Man owes this intense desire to know 
the nature of things, smothered though it often be by 
other cravings which he shares with the brutes, to an 
inherited race-perception stronger than the reasoning 
faculty of the individual. When once aroused and in 
a measure gratified, this desire becomes a guiding 
passion. The instinctive tendency to search out the 
causes of things, gradually strengthening as genera- 
tion after generation of • men have stumbled and 
struggled in ignorance, has at last become an active 
and widely extending force ; it has given rise to a 
new faith. 

To obey this instinct — that is, to aid in the pro- 
duction of new knowledge — is the keenest and the 
purest pleasure of which man is capable, greater than 
that derived from the exercise of his animal faculties, 
in proportion as man's mind is somethinjr greater and 
further developed than the mind of brutes. It is in 
itself an unmixed good, the one thing which com- 
mends itself as still "worth while" when all other 
employments and delights prove themselves stale and 
unprofital)le. 

Arrogant and foolish as those men have appeared 
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'Lo, in timeB of pereecutiou and in the midst of a ron- 
nptuous society, have, with an ardour proportioned 
> the prevailing neglect, pursued some special line of 
tientific inquiry, it is nevertheless true that in itself, 
lart from special social conditions, Science must 
levelop in a community whieli honours and desires it 
wfore all thiiigs, qualities and characteristics which 
3 thu highest, the most human of human attributes. 
Icse an.', firstly, the ftarluss love and unflinching 
wptauce of truth ; hopeful patience ; that tnie 
bmiUty which is content aot to know what cannot 
B known, yet lalwurs and waits ; love of Nature, who 
^uot less, but more, worshipped by those who know 
: love of the human brotherhood for whom 
■id with wlium ttie growth of Scieiit-t; is desired and 
pected. 

No one can trace the limits of Science, nor the 

sibilitiea of happiness both of mind an<i body 

bich it may liring in the future to mankind. Bound- 

3 though the prospect is, yet the minutest contriba- 

ion to tiie onward growth has its absolute and un- 

assatlablo value ; once made it can nt^ver be lost ; its 

, effvet IB for ever in the history of man. 

Arts perish, and the noblest works which ortista 

pre to tlie world. Art {though the source nf great 

1 noble delights) cannot create nor perpetuate ; it 

only that which already exist* in human 

riunee, whilst the results of its highest flight^ are 

to det:ay and atcrility. A vain regret, a 

t effort Lti emulate or to imitate tlie pa^rt, is 

Dg and Landable charaetertstic of Art nt the 
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presonl day. There ia, iudeed, no truth in the 
popular partition of human affairs between Science 
and Art as between two antagonistic or even comi>ar- 
able interests ; but the contrast which thoy present 
in points such as those just mentioned is forcible. 
Science ia essentially creative ; new knowledge — the 
experience and understanding of things which were 
previously non-existent for man's intelligence, is its 
constant achievement. And these creations never 
perish ; the new is built on and incorporates the old ; 
there is no turning back to recover what has lapsed 
thi-ougli age ; the oldest discovery is even fi'caher than 
the new, yielding in ever increasing number new 
results, in which it is itself reproduced ami periietu- 
ated, as the parent in the child. 

This, then, is the faith which has taken shape in 
proportion as the innate desire of man for more 
knowledge has asserted itself — namely, that there 
is no greater good than the increase of ScieDce ; 
that through it all other good will follow. Good 
as Science is in itself, the desire and search for 
it is even better, raising men above vili? things 
and worthless competitions to a fuller life and 
keener enjoyments. Through it wc believe tlittt 
man will be saved from misery and degi-adation, 
not merely acquiring new material powers, bat 
learning to use and to guide his life with undar- 
standing. Through Science he will be fn-ed from 
the fetters of aupemtition ; through faith in Science 
he will atiquire a new and enduring delight in 
the exercise of his capacities; he will gain a xoat 
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aiid iiitereet in life such as the present phiiac of 
culture fails to supply. 

In opposition to the view that the pursuit of 

can obtain a strong hold upon human life, it 

ly be argued, that on no reasonable ground can it 

necessary or advantageous thing t<,) the 

i-vidnal man to concern himself with the growth 

and progress of that which is merely likely to benefit 

the distant posterity of the human race. Our reply 

h : Let those who contend for the reasonableness of 

human motives develop, if they can, any theory of 

human conduct in which reasonable self-interest shall 

be man's guidti. Wc do not contend for any such 

theory. By reasoning we may explain and trace the 

ilopment of humau nature, but we cannot change 

by any such process. It is demonstrably unreason- 

ie for the individual man, guided by self-interest, 

to share the dangers and privations of his brotlier- 

1, and yet, in common with many lower aidmals, 

ba& an inherited quality which makes it a jdcasure 

iam to do so : it Ls unreasonable for the mother bi 

•ct her oti'spring, and yet it is the natural and 

ited quality of mothers to derive pleaaure from 

dng BO ; it is unreasonable for the half-starved poor 

aid their wholly starving brethren, and yet such 

ipassiou IB miturnl and pleasuralile to those who 

it, and Ls the consbmt rule of life. Unreason- 

though these things are from the point of view 

individual self-intercBt, yet they are done because 

do them is ploueurablc, to leave them undone a 

The race baa, us it were, in these n-'^;-"-*^ 
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befooled the intlividual, ami in tlie course of evolutiou 
has planted iu bim, in its uwii tiit<;rc8t», an irratioDal 
capacity for taking pleasure iu doing that which nu 
reasoning in reganl to self-interest could justify. As 
with these lowor and more widely distrilnited in- 
stincts, shared by man with some lower social animaie, 
80 is it with this higher and more peculiar instinct— 
the tendency to pursue new knowledge. Whether 
reasonable or not, it has by the laws of heredity and 
selection become part of us and exists ; its operation is 
beneficial to the race ; its gratification is a source of 
keen pleasure to the individual — an end in itselt 
We may safely count upon it as a factor in humau 
nature ; it is in our power to cultivate and develop it, 
or, on the other hand, to starve and distort it for a 
while, though to do so is to waste time iu opposing 
the irresistible. 

As day by day the old-fashioned stimulus to the 
higher life loses the dread control which it once exer- 
cised over the thoughts of men, the pursuit of woaltJi 
and the indulgence in fruitless gratifications of sense 
become to an increasing number the chief concerns of 
their mental life. Such occupations fail to satisfy 
the deep desires of humanity ; they become wearisome 
and meaningless, so that we heui' men (]Uvstiot)iDg 
whether life be worth living. When the dreams and 
aspirations of the youthful world have loat their old 
significance and their strong power lo raise men's 
lives, it will be well for that community which has 
organised in time a following of an<l a reverence for 
an ideal Good, which mjiy acn'c to lift the i 
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mind above the level of sensuality, and to insure a 
belief in the hopefulness and worth of life. The faith 
in Science can fill this place — the progress of Science 
is an ideal Good, suflScient to exert this great 
influence. 

It is for this reason more than any other, as it 
seems to those who hold this faith, that the progress 
and difiusion of scientific research, its encouragement 
and reverential nurture, should be a chief business of 
the community, whether collectively or individually, 
at the present day. 
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APPENDIX 



(A) 

The six years which have passed since this addwW 
was delivered have been reraiirkable for the extra- 
ordinary advances in our knowledge of the Bacteria 
and their relation to disease. In anotlier paper (No. 
III.) I have given some account of M. Pastern's dis- 
coveries in regard to rabies and hydrophobia. In the 
Pasteur Institute in Paris Dr. Roux and other in- 
vestigators have greatly advanced our knowledge of 
the action of Bacteria in tuberculosis, in diphtheria, 
and other diseases. It now appears that the most 
hopeful method of combating the attacks of disease- 
producing Bacteria is not to attempt to introduce 
drugs into the infected patient which shall directly 
poison the Bacteria, but rather t« endeavour to assist 
those natural processes in the body by which intrusive 
Bacteria are noi-mally destroyed. Elias MetschnikoflF 
has shown that the ama'boid corpuscles of the blood 
and other tissues are special agents or scavengers for 
the destruction of such intrusive bodies as Bacteria. 
His theory is that by accustoming these corpuscles, 
whicli he calls " pliagocytes," to tolerate a 
of the poison produced by pathogenic Bf 
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"educate" them, so that they are able subsequently 
to resist and eventually to attack and desti-oy the 
same pathogenic Bact«rium when present in a stronger 
and deadly form. This process of education is sug- 
gested as the rationale of preventive inoculation, the 
" vaccination " with a modified cultivated growth of 
poisonous Bacteria acting so as to educate the phago- 
cytea, and enabling them subsequently to swallow and 
digest the stronger infective growth. By the training 
afforded by iuoeulatioua with modified virus the phago- 
cytes are, there is reason to believe, brought into a 
condition of immunity similar to that which we know 
the human body can attain in regai-d to other poisons, 
such as laudanum, tobacco, and arsenic. It was thus, 
I iccordiug to tradition, that Mithridates, King of 
£'0Dtus, failed at the end of his career to kill himaelf 
poison, having previously in his researches on 
lonous agents so saturated himself with them, and 
pituatcd himself to their action, that none were 
ily for him any more. We may then speak of 
I training In tolerance of poison as " mithridatism," ' 
I refer to the trained phagocytes of an inoculated 
mai as mithndatised. On the other hand, there 
k£ict8 with regard to some kinds of infective \inis 
, their appropriate " vaceius " which lend to the 
witiou that immunity is conferred, not by the 
1 of weak iloscs of the " tosin " or actual poison 
Sie Tims, but by the action of a distinct chemical 
lUce wliii'-h exists aide by aide with tlio "toxin." 
\ appendix to the paper on Pasteur and Hydro- 
•'■•'■ "'tiitains a brief account of this theory. 
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It is an interesting fact in this connection that 
poisonous snakes are, as shown by Sir Joseph Fayrer, 
'' mithridatised " in regard to their own poison. The 
bite of a poisonous snake has no effect on another 
poisonous snake of the same group. A similar dis- 
covery has been made by Professor Bourne of Madras, 
who examined scorpions in regard to this matter at 
my request. A scorpion cannot sting itself to death, 
nor can it sting another scorpion. The scorpion is 
** immune" to scorpion poison. The explanation in 
the case of both snakes and scorpions is this — that 
small quantities of the poison elaborated by the poison- 
glands in these animals are continually absorbed by 
the blood, and thus the animal is mithridatised. It 
is known that the elaborated secretion of other glands 
passes continually in small quantities into the blood 
in other animals examined by physiologists; thus 
traces of the secretion of the salivar}" gland and of 
the pancreas are detected in the blood of rabbits and 
dogs. 

Thk statement made as to the preponderating 
activity of Gorman soientitio laK^ratories remains true, 
although Franco has h\rgoly incieasoil her alreadv 
oxtonsivo pn^vision for scientific research by State aid. 
The Institut Pasteur in Paris is the most important 
scientific institution which has Ixvn founded of late 
ye«ai^ It owes its existeniv partly lo public suhseiip- 
tion and i\artlv to Govexiimeni supix>n. Besides 
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riding salaries iind laboratories for investigators 
I are carrying on the line of research in regard to 
teria commenced by Pasteur, the Institute pro- 
1 the preventive inoculation against hydrophobia 
lovcred by I'astcur to all comers free of charge. 
» hundred and fifty persons have goue from Great 
tain and Ireland to be treated for dog-bite by M. 
Pastetir in Paris. The British Government has not 
made the smiiUest attempt to safeguard the public 
liealtti by providing for tlie maintenance of such a 
loboracor}' as the Institut Pasteur in the United 
[dom. On the contrary, it has placed vexatious 
, iU-cnnaidered restrictions upon the conduct of 
rimcutal Inquiries by competent physiologist"* in 
I country. These restrictions, without any doubt, 
the discovery of new remedies for deadly 
1 suffering. 



(C) 

i question of State aid to science discussed in the 

ling iuldreas is one wliicli, although of the very 

!fit importance, does not make much progress. 

"here is at present a porsisteut confusion in 

Bpnblic mind, and even in the minds of statesmen 

peflding publicists, between the question of State 

3 education and that of State aid to the produc- 

lofouw knowledge. It is no doubt true that if 

torofcssorships in provincial colleges an<l in Uni- 

r and King's Colleges are endowed by the State 

her benefactor, the holders of those posts will 
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pomhly be able to, and probably will, gire a larger 
amcmnt of time than heretofore to the making of new 
knowledge instead of to the drudgery of joomalism, 
pojmlar lecturing, and cram-book writing. On the 
other hand, inadequate endowment of these collies, 
or the granting to them of a small annual sum for 
general purposes not specified, will not necessarily 
have any result of the kind. The recent grant by 
the Government to university colleges of sums rang- 
ing from £500 to £2000 a year cannot be regarded 
as an endowment of research. In most cases the 
extremely meagre sum thus provided will be absorbed 
in general expenses of building and management con- 
nected with teaching. In other cases it will be 
wasted (i.e. returned to the giver — the tax-payer) by 
applying it to the reduction of pupil's fees. It is 
doubtful whether any college will have the courage 
to apply it deliberately to the payment of a professor 
or his assistant, so as to procure the production of 
now knowledge, or what is sometimes called " original 
resean^h/* 

8ini\> tho date of my Southport address. University 
V\^Uoj^> has reoei\-od a muniticent bequest &Dm one 
^Nf it;? former pi\>fe«5S>or^. the late Mr, Richard Quain. 
KndownHMxtii of jCi^OO a year have been assigned from 
this f^mvi to the {«v^fe5SH>rshi}\? of Botany, Physics, 
and Knclish. It is i?v>a:btfu] whether these sdpeiDds 
sJkv5;W l>e o.^insi3e3wt as v^e$cin>evi to e:na^ tie j«\>- 
te:s<k^ to v^^vote r.is tiTr^r to v>nr:ii£ ri'^^Mctie?;. v>r as 
T^urt TOivTnc'T.t for Kts- iiS>x:r5^ ix: t^^^-iiii^. It is Tat- 
ivt^DiWit^Cy i>o5 c-nscoanjirr to ^j^adiiruisi tie rw> 




occupations of making and distributing knowledge. 
In any ca&e it cannot be considered that the endow- 
ment assigned to profcaaorships in London is excessive 
in amount, or such as to secure the whole time of a 
wr, apart from his lectures, for original research. 
I A considerable expenditure made by the Govem- 
nt in direct aid of scientific research remains tin- 
I in the text. I allude to the expenses of the 
lleoger Expedition, and tlie publication of the 
rceolte obtained from the study of the collections 
hroaght home. This sum may be variously estimated, 

tending to the sale of the reports and the incluaion 
exclusion of certain ofHcial expenses, but in any 
t it amounts to several thousand pounds. 
A very gratifying indication of the recognition on 
part of the Government of the propriety of siili- 
aidising from the public funds scieutic inquiries likely 
to be of general public utility was seen ijj the granting 

» Parliament in 1884-85, on the recommendation of 
Treasury, of a sum of £5000 and an annual sum 
£500 for five years towards the building and 
maintenance of the Plymouth Laboratory of the 
Harine Biological ^Vsaociation, of which some account 
will be found in the appendix to article No. V. 
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Thb public has very naturally and very rightly shown 
deep intorest in the investigations into the nature and 
posailile cure of hydrophobia now being conducted by 
the great French naturalist, Louis Pasteur. Those 
investigations not ouly have a special value on account 
of the terrible nature of the malady which there is 
good reason to believe will be brought within the 
range of curative treatment as a consequence of their 
proaecution, but also are of extreme interest to those 
cog^g'^d in the ta^k of ascertaining the laws of natural 
uomena, and to all who wish to understand the 
rds by which a great discoverer in science arrives 
s results. 

Pasteur is no ordinary man ; he is one of the 

I individuals who must be described by the term 

Having commenced his scientific career 

Battuiucd great tlistinction as a chemist, M. Pasteur 

f led by his study of the chemical proeesa of fer- 

atioDS to give his attention to the phenomena of I 

in living bodies resembling fermentations. 
bg to a singular and fortunatu mental character- 
I he baa been able, not simply tu pursue a rigid 
■ of investigation dictated by the logical or natural 
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connection of the phenomena investigated, but de- 
liberately to select for inquiry matters of the most 
profound importance to the community, and to bring 
his inquiries to a successful practical issue in a large 
number of instances. Thus he has sa^ed the silk- 
worm industry of France and Italy from destruction, 
he has taught the French wine-makers to quickly 
mature their wine, he has effected an enormous 
improvement and economy in the manufacture of 
beer, he has rescued the sheep and cattle of Europe 
from the fettal disease " anthrax," and it is probable — 
he would not himself assert that it is at present more 
than probable — that he has rendered hydrophobia a 
thing of the past. The discoveries made by this 
remarkable man would have rendered him, had he 
patented their application and disposed of them 
according to commercial principles, the richest man 
in the world. They represent a gain of some millions 
sterling annually to the community. It is right for 
those who desire that increased support for scientific 
investigation should be afibrded by the Grovernments 
of civilised States to point with emphasis to the 
definite utility and pecuniary value of M. Pasteur's 
work, because it is only in rare instances that the 
discovery of new knowledge and the practical applica- 
tion of that knowledge go hand in hand. M. Pasteur 
luis afibrded several of these rare instances. They 
should enable the public and our statesmen to believe 
iu the value of scientific investigation even when it is 
not immediately followed by practical commercial 
results. These discoveries should excite in the minds 
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^^■ali those devoted to scientific researcli the pro- 
^^Kndest gratitude towards M. Pasteur, ftiDce, by the 
^^Hsct practical upplicatiou .which his genius has 
^^■Uiled him to give to the results of his inquiries, he 
^BM done more than any living niau to euablc the 
unlearaed to arrive at a conception of the possible 
^julne of the vast mass of scientific results — items of 
^Hpr knowledge- — which must be continually gathered 
^^B less gifted individuals and stored for the future- 
^^B of inventors and of those doubly-gifted men 
^^Bb, like M. Pasteur, are at once discoverers and 
^^rtentors — discoverers of a scientific principle and 
inventors of ita application to human requii-e- 
IgDtg. 

. Pasteur's fi^L£Xp^3Jgg^ in relation to hydro- ' 
Pbia was made in December 1880, when he ioocu- ' 
I two rabbits with the mucus from the mouth of 
iid which had died of thnt disease. As bis in- 
rica extended he found that it was necessary to 
establiah by means of experiment even the most 
anentary facts with regard to the disease, for the 
Ifcing knowledge on the subject was extremely 
; and much of what passed for knowledge was 
F ill-founded tradition. 

I little Wiis hydrophobia understood, and to so 

I on extent had it been studied, previously to 

Pasteur's invc^tigutiutis, that it waa regarded by a 

I number of highly competent physicians and 

kologistfi (although this was not the general view) 

wnditiou of the Dervous system brought about by 

tion of a pimctured iufiaounatury wound in 
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which the action of a specific virus or poison took 
no part ; it was, in fact, by some physicians regarded 
as a variety of lock-jaw or tetanus. 

The number of cases of hydrophobia reported in 
England, France, Germany, and Austria has varied a 
good deal each year since the time when statistics of 
disease were instituted by the Governments of these 
several countries; but its occurrence is sufficiently 
frequent at certain periods to excite the greatest 
anxiety and alarm. In England as many as thirty- 
six persons died from the disease in 1866 ; in France 
288 persons were its victims in 1858, and in Prussia 
and Austria it has been more frequent than in 
Enghuid. 

The gcnei^Jieliaf^both among medical men and 
veteTinar}* surgeons, as well as the public, has been 
that the condition known as hydrophobia in man does 
not follow from jmy onlinary bite or injury, but 
that in onlor to prcnluoe it the human subject must 
Iv bitten l\v a dv>g, wolf, pig, or other animal which 
is surt'oring fnnn a well -marked disease known as 
^^mlnc.^" Wh^t it is which starts " rabies ** amongst 
d\>^ is not known, and has not even been guessed at, 
but :ho v\n\di:iv>u s<^ name\l is communicated by 
*' mUvl '* v>r '' u\,^d " dv^ to other dogs, to pigs, to 
oa::U\ to tUvr. to hi>ri!^^;^ And in\lei>i to all warm- 
Ivvwuv, A:v,**v,A^:f^ — e\ vu Hrvis. Anv animal 50 infected 
i> oAxv^Ko b\ ::;^ Vcre v\f xV-:v,r.:;::;iv*:in^ tlie disease to 
v>;^s'r >;<>«A':h\ jtr,;r,viCs. Raix.-^ ;r. a do^ is recognised 

^^s««»ji«' iwks t>iiv^ \>r>c^5^^ itvwT, as '^ o 
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and "raving madne83"; and it is held by veterinarians 
ifl have two modes of origin — viz. 8])ontiincouH, and as 
the result of infection from another rabid animal. It 
is quite permissible to doubt the spontaneous genera- 
tion of rabies in auy given case, although it must be 
admitted that the disease had a beginning, and that it 
is not improbable that whatever conditions favoured 
its fitst origin are still In operation, and likely to 
tEenlt in a renewed creation of the disease from time 
to time. The disease was well known in classical 
antiquity, and is of world-wide distribution, occurring 
both in the tropics and in the arctic regions, though 
much commoner in temperate regions than in either 
of the extremes of climate. There arc some striking 
c&seH of certain well-peopled regions of the earth's 
sarfiico in which it is at present unknown ; no case 
appears to be on record of its ciccurreuce in Australia, 
Tasmania, or New Zealand. It is a mistake to suj>- 
pose that the disease is commoner in very hot weather 
tbau in cooler weather, or that great cold favours it. 
Climate, in fact, appears to have nothing to do with 
Us or mthor, it should be said, is not shown to have 
nnytliUig to do with it. 
J^^^ Professor Fleming, in liis. admirable treatise on 
^^Hmes and Hyilruphubia (Loudon, 1872), says : — 

^^"It is a great and dangerous error to suppoev that the diSMso 
(tn the <l<ig) commoncea with aigriit of mging nuuintm, nud thai 
tb« earliest phoeo of the nuLluIy i« ashored in with fury and I 
ion. Th« Rrat percoptiblo or initial iiympUinui of n>l>ie« 
dog ani rulated to its habits. A uhango is olwcrted in 
acpKt, tiehanoiir, and exlemal rharact^ristiua. The 
ol Uw cmtture arc aiioinalona und *tn»gfl. It boconws 
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■lull, gloomy, and taciturn; BeckB to isolate itaelf, and chooMS 
solitude and obscurity — hiding in out-of-the-wuy places, or re- 
tiring below chairs and other [licces of fiiniituro; whvnna in 
faeallli it may buve buen lively, good-nfttured, and sociable. But 
in its retirement it cannot rest; it ia uneimy tind li<]gety, nnd 
betrays an itnmisUdcahle stat« of nalaise ; no sooner has it Ui& 
down and gathered itself together in the usual fushion of ■ dog 
i-epoaing than all at onc« it jumps a\> in nn n-gitated mannor, 
walks hither and thither several times, again lies down, and 
itasiunes a sleeping attitude, but has only »iuint4uned it for a few 
minutes when it is once more moving about, "scekiiig rest but 
tinding none." Then it retires to ita obscure corner — to lie 
dfiopust recess it can find — and huddles itself up in it hi-np, with 
its bead concealed beneath iU chest and its forepawa. Thi* 
stat« uf continual agitation and inquietude ia in striking von&Mtt 
with its ordinary habits, and should, therefore, attract the Ktton- 
lion of mindful people. Not unfroqueutly there are a few 
moments when the creature apfwars more lively than umial, 
and displays an extraordinary amount of atTectioD. SomutiBiefe 
in pet dog« there is evinced a disposition to gather up snutU 
objects, such as straws, threads, bits of womI. ete^ which ars 
industriously picked up and carried away. A tendency lo Udc 
anything cold, as iron, stones, etc, is also observed in nmn; 
instances. At this fieriod no pro^wnsity to bite is obverred : 
the animal is docile with its master, and oboj's his voice, tluiugh 
not so readily as before, nor with tite aame pleaaed cnuntmancc. 
If it shalcM its uil the ut b more slowly pcrfonncd than usual, 
and tfaere ts waething strange in the exprecstoo of the face ; 
tho roke of its tnaater can scareoly change it for a few Beconds 
frost a sullen glootninesc to it« urdinai^- aniaut«d aspect ; and 
when uo longer inflncnoed bjr the familiar talk or jiretwdieo It 
returns to its aad tbongbts. for — aa lias been well and tratlt- 
fully said b)- Boulcy — '* Ibe dug thinks and tus tU own idoaa, 
which for dogs' id«as an, friMii iu point of riew, very good 
mIcm wben it is well" 

The acinwl '• novementa. atttUidai, and gutores now aeon 
to iiMlickle ibat it >* hauntod Ify and bmb phairtiMM ; it ampa at 
uolhti^t Mut l«rfca as if attacked by nsal «»iBin. lia af^wv- 

c it altered ; il has a (loitny and nuMWh^t fecodoaa tmpeA. 
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^^^■■kincl U voiicemeil, but is as docilo aod obedient to ita master 
^^Klwfora. It tnay evea np[iear to bo moro tLfi'«ati(>Dftte towiirds 
thoM it knows, and this it manifesU by the great«r desire to 
[ick their hands and faces. 

This affection, which is always so marked and so enduring 
in the <log, damiuates it eo strongly in rabies that it vil) nut 
injun those it loves, nut even in a paroxysm of nuulncss ; And 
even when its ferocious instincts are beginning to lie tnanifeated, 
and to gain the BU[iremaey over it, it will yet yiel<) obedience to 
tboee to whom it has been accustumod. 

The ma<i dog has not a dread of watpr, but, on the contrary, 
will greedily swallow it As long its it can drink it will satisfy 
tu eTor-ardont thirst ; even when the spasms in its ihroat pre- 
vent it swallowing, it will ut^vertfaeless plun^ its face deeply 
into the water and appear to giilp at it. The dog is, therefore, 
iMit hydrophobic, and hydrophobia is not a sign of madness in 
^^^* animal. 

^Hm It does not generally refuse food in the early period of the 
^^^^MM, but sometimes eats with more voracity than usuul. 
^^K When the desire to bit«, which is one of the essential chur- 
mcter* of rabies at a certain stage, liegine to manifest itself, tha 
aainul at RkI atUcks inert bodies — gnawing wood, leather, iu 
chain, carpets, straw, hair, coals, earth, the excrement of other 
Utinuds or rven its own, and accumulates in the stomach the 
ramains of all the substances it has been tearing with its teetli. 

An abundance of saliva is not a constant symptom in rabies 
in tbe dog. Sometimes its mouth is humid, and sometimes it 
i* dry. Before a fit of madness the secretion of saliva is nomutl ; 
during this period it may be increased, tiut towards the end of 
tlie malady it is iisuiilly decrcnsed. 

llie animal often expresses a sensation of inconvenionco or 
^■■is dnring the sjusm in its throat by using its paws on the 
^HUftof its mouth, like a dog which has a lione lodged thrTC. 
^^^B In "dumb moilneaa" the lower jaw is paralysed and drops, 
^Hwing the mouth open and dry, and its lining mombrano 
ndriliiling a reddish -liruwn hue ; the tongue is frequently tu-owu 
ur lilui; culonred, oou or boUi eyec sijuint, atul the eruture is 
dinanly helplees and not agj^reauvc. 
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In some instances the rabid dog vomits a chocolate or blood- 
coloured fluid. 

The voice is always changed in tone, and the animal howls or 
barks in quite a different fashion to what it did in health. The 
sound is husky and jerking. In ''dumb madness" this very 
important symptom is absent 

The sensibility of the rabid dog is greatly blunted when it is 
struck, burned, or wounded; it emits no cry of pain or sign 
as when it suffm^ or is afraid in health. It will even scmietunei 
wound itself severely with its teeth, and without attempting to 
hurt any person it knows. 

The mad dog is always very much enraged at the sight of an 
animal of its own specie& Even when the malady mig^ be 
considered as yet in a latent condition, as soon as it sees another 
dog it shows this strange antipathy and appears desirous of 
attacking it This is a most important indication. 

It often flees from home when the ferocious itMrf jiy^ f 
commence to gain an ascendency, and after one, or two^ or throe 
days' wanderings, during which it has tried to gratify its mad 
fancies on all the living creatures it has encountered, it often 
returns to its master to die. At other times it escapes in the 
ni^t^ and alter doing as much damage as its violence prompts it 
to, it will return again towards morning. The distances a mad 
dog will travel, even in a short period, are sometimes very 
great 

The furious period of rabies is characterised by an expression 
of ferocity in the animal's physiognomy, and by the desire to 
bite whenever an opportunity offers. It always prefers to attack 
another dog, though other animals are also ^-ictims. 

The paroxysms of fury are succeeded by periods of com- 
parative calm, during which the appearance of the creature is 
liable to mislead the uninitiated as to the nature of the malady. 

The mad do<; usuallv attacks other creatures rather liian 
man when at liberty. AMien exhausted by the paroxysms and 
contentions it has experienced, it runs in an unsteady maimer, 
its tail pendent and head inclined towards the ground, its eyes 
wandering and frequently squinting, and its mouth op^ with 
the bluish -coloured tongue, soiled with dust, protruding. 

In this condition it has no longer the violent 
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tcndcocicfl of the previous stage, though it will y«t bite every one 
— ttaa or Iwiut — thuL it cau rouuh ^th its teeth, especially if 
trritAtc<L 

The mod dog that is uot killed periabea from paralysis and 
acpbj'xia. To the lost moment th« terrible desire to bite ia 
prvdomioant, even when the poor creature ia bo prostrated as to 
appear to lie transformed into an inert mass; 

Such ia tlio pattietie uccomit of the fetiturcs of this 
t-errilile malady as seen in man's faithful companion. 
Lt-'t us now fur a moment look nt the symptoms and 
course of the disease as exhibited in man — whore it 
produces a condition so terrible and heart-rending to 
the onlooker that it becomes a matter of astonishment 
that mankind has ever ventured to incur the risk 
of acquiring this disease by voluntarily iissociatiug 
with the dog, and a matter of the most urgent desire 

«l some great deliverer should arise and show us how 
emove this awful thing from our midst. 
In both the dog and man the disease is traced 
he infliction of a bite or scratch at a more or less 
distant period by an animal jdready suffering from 
rabies. The length of time which may elapse bct«'ecn 
the bite and the first symptoms of " rabies " in the dog 
or of " hydrophobia," aa it is termed, when developed 
in man, varies. Briefly, it may be stated that the 
interval in the dog varies from seven to one hundred 
and fifty days, and is as often a longer as a shorter 
period. lu man, on the other hand, two-thinls of the 
owes observed develop within five weeks of the 
inJlictiim of the infecting bite ; hydrophobia majf 
afaow itjtel/ as early as the eighth day after the 
t, it hi very rare indeed, though not unknown. 
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that this period of incubation is extended to a whole 
year. The reputed cases of an " incubation period " of 
two, five, or even ten years may be dismissed as 
altogether improbable and imsupported by evidence. 
The uncertainty which this well-known variation 
in the incubation period produces is one of the many 
distressing features of the disease in relation to man, 
for often the greatest mental torture is experienced 
during this delay by persons who after all have not 
been actually infected. 

In many respects (says Professor Fleming) there is a striking 
similarity in the symptoms manifested in the hydrophobic patient 
and the rabid dog, while in others there is a wide dissimilarity. 
These resemblances and differences we will note as we proceed 
to briefly sketch the phenomena of the disease in our own 
species. 

The period of incubation or latency has been already alluded 
to, and it has also been mentioned that not unfrequently in man 
and the dog the earliest indication of approaching indisposition 
is a sense of pain in or near the seat of the wound, extending 
towards the body, should the injury have been inflicted on the 
limbs. If not acute ^viin ther^ is some unusual sensation, such 
as iiching, lingliuir, buniing, coldness, numbness, or stiffness in the 
cicatrix ; which usually, in these circumstancess becomes of a red 
or lurid vvlour, svMuoiimos ojxmis ujx, and if yet unhealed assumes 
an uuhcahhy ap|varauce, discharging a thin ichorous fluid instead 
of pus^ In the diy, as >vo have observed, the peculiar sensation 
in the s<'a: v>f the iuvvula:iv>n has a: times caused the animal 
lo gnaw :ho }v;r: iv.vv<: socrtly. 

\V::h :hcs*' Kva! s\nn^:oms some ccserai nervous distoibance 
»> g^r.crally o\ivricv.v-\xi The m:;c::: becomes dejected, morose, 
irr/.aMc, anvl tx^:1c>s . be cither o.vvs nx s;;sivct his complaint^ 
^>r, if he rx'vaou.^':^ hA>*.v,i: ':>^\i; V:::cr^ cjLrtf,ilIy avoids mention- 
ing t^.e c;rcutv>:.4*.sx\ av.xl >cA:vV.ts tv-^r anus^ ci^n: away from 
hxH**u\ ^^r ^^retVr^^ svV.tUvle , b: •.^V.: aro >:x^v^ea light is disagreeable 
to h;r.\ . h*,s 5^I«.v:^ is trvv.bliNJ, att.l he o/^en s^ots up : 



PASTEUR AND HYDROPHOBEA 



Ieooed in raiioiu [i&rU of the body ; and aigui of digceUve 
BT «ro not iinfrequent. After tho continuance of on» 
or toon of tbeso preliminary, or rather premonitory, ay roptomR 
for II iieriod varying from k few houi-s to five ur six days, Hnil, 
thoogh vory rarely, without all or even mnny of them being 
observed, the patient becomes sensible of a atiSneas or tightnew 
sbont tho ihriMit, rigours supervene, and in attempting to swallow 
be experiences some difficulty, especially with liquida. This may 
na really the commencement of tho attack in man. 
The difficulty in swallowing rapidly increases, and it is 
t Inng before the oot becomes impossible, unless it is attemptod 
li determination ; though even then it excites the most painful 
the back of the throat, with other indescribablo 
, all of which ap]>eal to the patient, and cause him 
to dread the very thought of liquids. Singular nervous par- 
oxyaBH or tremlilings become manifest, and sensations of stricture 
or opproasion are feit about the throat and chest The breathing 
i* painful and emlMurasaed, and internipU;d with frequent sighs 
nr a peculiar kind uf sobbing movcnient ; and tbi-re is a scnso of 
impending suffocation and of necessity for fresh air. Indeed, the 
Doit markMl symptoms consist in a horribly violent convulsion 
or cposm of the muscles of tlie larynx and gullet, by which 
■wallowing is preventetl, ai:d at tlie same time the cutrance 
oC air to Uie n-indpipo is greatly rcUirded. Shuddering tremors, 
aotuetim^ almoxl amounting to general convulsions, run through 
tlM whole frame ; and a fearful exjirvssion of anxiety, terror, 
or deapair ia depicted on the countenance. 

Tbe |>aroxysma are brought on hy the Hltghtest cautes, and 
are frequently associated with an ntlcmpt to swallow liquids, 
or with the reool]L>ction of the sufTorings experienced in former 
aMempta. flenco anything which suggests the idea of drinking 
to the patient will throw him into tho most painful agitation and 
ooDTuUive spiuimH. . . . This is partaciUarly observed when the 
patient carries water to hia lips ; then ho is sciicd with the 
tcTTvn characteristic of the disease, and with those couvnlaioiu 
of tho face and tho whole of the body which tnako so doep 
aa impreaaion on the bystanders. Ho is perfectly rational, feels 
iy, tria to drink, but the li<]uid ham no sooner touched 
I be draws tiack in terror, and sometimes cKclaims 
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that lio cannot drink ; his face expresses pain, his eyes are fixed, 
and his features contracted ; his limbs shake and body trembles. 
The paroxysm lasts a few seconds, and then he gradually becomes 
tran(|uil ; but the least touch, nay, mere vibration of the air, is 
c^iiough to bring on a fresh attack — so acute is the sensibility of 
the skin iu some instances. ... A special difference between 
rabies and hydrophobia is the frequent dread of water in the 
latter, as well as the hyperaesthesia of the skin and exaltation of 
tlio other senses. . . . Another characteristic feature of the 
diAoaso in man is a copious secretion of viscid, tenacious mucus 
in tho fauces, the " hydrophobic slaver" ; this the patient spits out 
with a sort of vehemence and rapidity upon everything around 
him, as if tho idea of swallowing occasioned by the liquid induced 
this tuiger expulsion of it, lost a drop might pass down the throat 
This to a bystander is sometimes one of the most strildng 
phonomona of tho case. . . . The mind is sometimes calm and 
iH^IUn'ttHi in Uio intervals between the paroxysms, and conscious- 
ness is gtniornlly rctainoil ; but in most cases there is more or less 
irrogtilarity« incessant talking, excitement, and occasionally fits 
appriHiohin^ to insanity come on. The mental aberration is 
uftou «>xhibit«Hi in gnnuidless suspicion or apprehensioii of some- 
thing t'xtranoinis^ which is expiv^sed on the face and in the 
WAUuor \\f tho )>titiont. In i\un|>aratively rare instances he gives 
\x:(y to a xviK) furw Hko tliat i^ a dog in one of its fits of rabies ; 
ho \\vir^ ho\vU« o\ink\i^ strikes at persons near him, rends or 
bwvAks ov\T>tKit\4; within hi* n:\ich. bites others or himself till, 
.*'. U>v,»;th o\h,^usi*si» ho :siuk* into a gUx>my, listless dejection, 
t;>xu\ >^hu*h Aiu^ihor |vu\\\YTqii nnis^ hint . . . Paralytic symp- 
U'u\> \u.^u\t\\^; thotusoKt^ Wt\>ro ootAth in a few instances, as in 
;V.o \u>4: Kom'.s::^uN)x;j^ o.t tho Mixtptonis sometimes occur 

\n ?iv vvu'.-s^* sNt :ho %\>r.uvA:r*:v duriru: wiikii the pMent can 
s\v.v,V, •.^^s\»^^ x*t:h s\M\u: N;;t^«*:>\ jtrsi :ako KxxL Tovaxds the 
v\\xv^ v,Nh A ivv,x^sxv.v, *.* w: ;xr»\\'C'.r,N>ix vi:h an atmc«l complete 
.^N^v.^v oi ;>„^ \v%.vt,.' <\^/y:or.'*s . a^ titji: the ftttieiit and the 
'.\\vxNviv, S* *;*.*' .,* ovu-'iAi-ri x>»'.v S,w. l^t it tbefMdse is now 
ivC; '; ^x KsA^.N* ,,' V v\::vvvN r.vKv-v *3jii 5cafeeUBM« almost^ if 
\v,v; ,,.;';,•. v.-.v.:\v;s.^\V. •V^*r^ :>.v* Jti't'jiYc: rMLsixktt of the 

U.v,\*>»,» ;>V >*:V.'rH ,\\^Vx\\y.v> "TJUJ* ;XTO A J4M^ OVflS vhick bs 
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I iJeath results from spasm of the respiratory muscles, 
\ patient tlyiiig asphyxiated. The desire to bite is 
The disease invariably, as in the dog and other 
maU, terminates fatally, and usually between the 
md and fifth day after the symptoms have been 
. observed, though it sometimes runs on to the 
1 day. 
lit is held by veteriQariea that " rabies " in a dog is 
iably fatal, and one test of the presence of the 
E is a fatal termination to the symptoms. Inae- 
mach as it is very usual to kill dogs suspected of rabies 
withoQt wailing to actually prove that they suffer from 
this disease, and fUrtlier, inasttiuch as dogs not suffor- 
; from rabies are nevertheless frequently savage 
aiappish au<l bite human beings, thus leading 
ibe usiiumption that the person bitten has incurred 
I risk of developing hydrophobia, there is necessarily 
mplete absence of trustworthy statistical informa- 
as to (1) the actual number of dogs annually 
|et«d with rabies in auy given country, and (2) as 
^e nnmber of persons effectively bitten by really 
1 dogs, who acquire hydrophobia as a consequcuce, 
B dogs are killed before it is proved that they suffer 
fom rabies, and the human beings bitten are treated 
by caustii^i and exc-ision of injured surfaces before it is 
prftvisd that tht-y really are in danger of developing 
hydrophobia, and il ts not known in case of escape 
■rbether the danger was ever really incurred. The 
f aujcioly to avoid the awful consequences 
Ereqaently following the bite of a rabid dog 
daced a coarse of action which, whilst ir •" 
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undoubtedly accompanied by the destruction of many 
innocent dogs, and by the infliction of acute pain and 
mental anguish upon human beings, who, could they 
know the truth, have no cause for alarm, has also 
at the same time necessarily prevented the acquisition 
of accurate knowledge with regard to the disease 
in important respects, especially as to the conditions 
of its communication from dog to man. Accordingly, 
we find great uncertainty as to the conclusions which 
are to be drawn from statistics in regard to the effect 
on human beings of the bites of dogs suffering from 
rabies. According to the lowest estimate where care 
has been taken to exclude cases in which there is 
insufficient reason for supposing the offending dog 
to have suffered from rabies, of every six persons 
bitten, one dies — that is to say, one develops hydro- 
phobia; for recovery after the development of the 
hitherto recognised sjnnptoms of hydrophobia is un- 
known. This is a mortality of 16*66 per cent ; other 
estimates range from 15 to 25 per cent. The large 
proportion of escapes as compared wath deaths is 
attributed to the wounds inflicted not having been 
sufficiently deep to introduce the poison into the 
system, also to timely surgical treatment having 
the same effect, and to the fact that the dog, in 
spite of probabilities to the contrary, may in a certain 
proportion of cases have been wrongly suspected 
of sufferinor from ** rabies/* 

At the same time there is no doubt that animals 
(and honee presumably man) arc sometimes endowed 
with an immunity from rabies. This has been proved 
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■rimentally by repeatedly inoculating a dog with 
Haliva of rabid doga which proved fatal to other 
uit^nduals which were exporimi^utcc] upon at the 
same time, whilst the particuliu dog in queation 
^^ahrays proved refractory or non-liable to the disease. 
^^Hb eotimate has been at present formed of the pro> 
^^■wtion of dogs which arc thus free &om liability 
^^^■the disease, but it must be very small, perhaps not 
^^^BBT cent. On the otlier hand, it is undeniable that 
I ^uxe is a high probability that such immunity exists 
among human l>eings, and it is poBsible that the 

E portion nf individuals liable to tlie infection as 
iparcd with those "immune," "refractory," or"non- 
le" is less amongst human beings than among 
dogs. Such a constitutional immunity may, therefore, 
possibly explain to a certain extent the fact that out 
of lOO cases of dog-bite, the dog being supposed, 
but not demonstrated, to be rabid, only 16 uctjuire 
gci^pbobia. 
I The result of M. Pasteur's experimental study of 
s and hydrophobia has been so far to place several 
teraofpracUciil importance, which were previously 
ble to be dealt with by vague guesses and general 
opression, in the position of facts capable of accurate 
experimental determination ; and secondly, to intro- 
duce a method of treating animals and men infected 
I poison of rabies in a way which, there is 
5 evidence to show, will arrest or altogether pre- 
velopmcnt of the disease. 
;o the eagerness of newspaper coirespoud- 
le peculiar circumstances of the invest iga- 



136 PASTEUE AKD HYDROPHOBIA m 

tion which is still actually in progress, M. Pasteur's 
work has been not quite fairly represented to the 
public, and various astonishing criticisms and expres- 
sions of individual opinion have been indulged in, 
with regard to what M. Pasteur is doing, by persons 
who, however gifted, have no adequate comprehension 
of the task which the great experimenter has set before 
himself. 

It must be distinctly remembered, on the one hand, 
that the results which M. Pasteur has himself published, 
and for which he has made himself responsible, have 
been obtained by accurate and demonstrative experi- 
ments upon animals ; they are results which can be 
repeated and verified. On the other hand, M. Pasteur 
has now advanced into a much more difficult field — 
namely, the application of his experimentally ascer- 
tained results to the treatment of human beings. He 
is actually in course of carrying out his inquiries in 
regard to the efficacy of his treatment, and it is prob- 
able that at no distant date he will himself give us a 
detailed account of the conclusions to which these 
inquiries lead. But he has not yet formulated any 
sueh conclusion. 

We cannot and have not the remotest desire to 
experiment upon human beings, as in the more enlight- 
ened j^irts of Europe we are }>ermitted, for good 
purpi^ses, to experiment upon dogs. It is not possible 
to exactly arnuiije experimentallv the conditions of a 
hunuin Wing who is to be the subject of inquiry in 
reganl to hydrophobia. You e;mnot make sure by 
the inoculation in the most efiective wav of a dozen 
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ilthy men that tht-y have started on the path 
ding to hydrophobia, and then treat six by a 
medial process, and leave six without such treat- 
lent, iu onicr to see whether the remedial process 
effect or not. This is the kind of difii- 
llty which is met with in all attempts to take a 
forward in medical treatment. Nevertheless, 
tough such definite experimental arrangement of 
i subject of inquiry is not possible where human 
are coucemed, there is another metho<l — 
remely laborious, and less decisive in the results 
^ch it Jiffonls — by which a more or less probable 
ilu&ioD may be arrived at in regard to the etfect 
Jjtreatmeut of diseased human beings. This method 
tsists in bringing together for experimental treat- 
Dt B Very large number — some thousands — of cases 
pwhich the disease under investigation has, indcpcnd- 
tly of the experimenterj been acquired, or is supposed 
lavB been acquired, and then to compare the pro- 
ion of cases of recovery obtained under the new 
ktment with the proportion of recoveries in cases 
i subjected to this treatment. 

I Hydrophobia presents peculiar diffieultiea in the 
pilication of tlus method, aud the treatment which 
\ Pasteur is now testing is also one which in its 
moe renders the statistical metiiod diflScult of 
nation. M. Pasteur's treatment has tobc applied 
' t he dc Bnitc sj-mptoms of hydrophobia have 
relopcd in the imtient. Accordingly, there is no 
un indication in the |>aticnt himself that he has 
Hy been infected by the virus of rabies ; the infer- 
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ence that lie has been so infected is based on the 
knowledge of the condition of the dog that bit the 
patient, and on the extent of the injury inflicted ; but 
the knowledge of the actual state of the dog which 
inflicted the bite upon a person who, therefore, has 
reason to fear an attack of hydrophobia is often want- 
ing. It is often merely " feared " or " supposed " that 
the dog was rabid, and has not been actually proved 
that such was the case. In many cases the only proof 
that the dog really was rabid would be found in the 
development of hydrophobia in the man bitten by the 
dog, the dog itself having been destroyed. This, too, 
would be the only definite proof possible that the 
patient had received a suflSciently profound wound to 
carry the poison into the system, or, again, that the 
patient is not naturally " immune " or " re&actory " to 
the poison. Accordingly, it has been necessary for 
M. Pasteur to test his treatment upon a very large 
number of cases, so as to obtain a statistical result 
which may be compared with the general statistics of 
the ofleots following the bite of reputed rabid dogs. 
Also, it is possible out of a large number of cases for 
M. Pasteur to select, without any other detemiinino: 
motive, those cases in which the dog which inflicted 
the bite was actually proved to be suffering from 
rabies, either bv the result of its bite on other imii- 
viduals, or by exj>eriments made bv inoculating other 
animals from it after its death. Such a selection of 
his cases has, it is stated, already IxH^n made bv M. 
Pasteur. AVe have vet to await from M. P;isteur s 
own hand a critical account of the results obtained in 



■> 
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le wholesale treatment of patifints by him in Paria. 
itil he has himsell' published that account, we ought 
be very careful about coming to an absolute con- 
liun cither for or against the efBcacy of his treat- 
snt iTi regard to rneu. 
On the other hand, the fundamental results of his 
idy of rabies and hydrophobia stand in no such 
position, but are »harji, experimental demonstrations, 
which he has publicly announced before the scientific 
Id, and has verified in the most important instance 
lie a oommiHsion appointed by the Government. 
Let us note some of these results.' They have 
been obtained by experimentally inoculating dogs, 
ibits, guinea-pigs, and monkeys. The experiments 
been performed by M. Pasteur himself and his 
ienced and highly - skilled assistants, MM. 
mberland and Roux. Precautions which a thorough 
knowledge of the subject suggested have been taken. 
for instance, in his very first experiments, M. 
lur cleared the gi-ound considerably by distinguish- 
kind of htoud-poisoning, due to the pre^ncc of 
in bacterium in human saliva, which is liable 
be introduced with the saliva of a hydrophobic 
it when this is made use of for the purpose of 
ig up rallied ex]x>rimen tally in n rabbit, and is 
pniHcut in normal saliva. Xot feeling sure that 
mbbits thus treated had really died from rabies, 
SQSpecting that they might have died from a 

1,1 Kta iadabt«4 to an cicelicnt report bjr my Triiaid Dr. Vignal, of 
I (U FVnnce, pnblishnl in tliu BriiiA itiditai Journal, for 
thW IWbt rvInttVB to M. Piutvur'A [loblbhed r««ntt& 
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^^ttbbitf 
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blrKxl'poisoning due to another vims present in the 
hydrophobic 8aliva^ M. Pajsteor tested his rabbits by 
inoculating dogs with the saliva and blood of the 
rabbits. The; dogs did not develop rabies, and thus 
M. I'ustcur was able to establish the conclusion con- 
firmed by other observations — ^that the disease pro- 
duced in this instance by the inoculation of the rabbits 
with saliva was not rabies. This is merely an 
«xani[)le of the careful method by which it is M. 
PiiMlcur's habit to correct and solidly build up his con- 
duKionn. 

The first result of great practical moment estab- 
li«h(Ml by M. Pasteur is that not only, as shown by 
prt^v'ious oxporinicntcrs, can rabies be communicated 
frt)m auinuil to animal by the introduction of the 
saliva of a rabid auinial into the loose tissue beneath 
tho skin of a licalthy animal, or by injection of the 
wuno into the veins of a healthy animal, but that the 
'* virus/* or |H)ison, which carries the disease resides 
in iti^ nuvst active form in the uor\*ous tissue of a rabid 
ai\iin;vK and that the most tH^rtiiin method of eommuni- 
oatinc nilnos !*rx>m one animal to imothor is to intro- 
duiv a piiHV of I ho spinal iH^rd or of a large nerve of a 
nibid animal on to the surface of the bniin of a healthv 
animaK the o|x^rtition of exposing the l^^ain being 
jvrfornuxl with the most careful antiseptic meiliods, 
^> as to pnn*cnt blvxxi-jvisoning. 

ba this w^v Pasteur found that he c^va^i avoki the 

ci>^v of utv^esiiwi jv>i5H>no:is nian<rs — r:o: t^jjiTm to 
i^\^;^<^jt — ii; t3>o s&liv* of nt^d Jinim&is. 
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^^^BThifl discovery is the starting-point of all Pasteur's 
^^^pther work. It enabled him to experiment with 
^^Bfficicnt certainty as to results. It has rendered it 
^^■beeible for him to determine whether a dog is really 
ftffect«4l nith rabies or not, by killing it and inoculat- 
ing the brain of a second dog with the spinal cord of 
the dead dog, and similarly to determine whether a 
human I>cing has really died of hydrophobia {ivtbies 
hominis) or not. It has also enabled him to propa- 
gate with certainty the disease from rabbit to rabbit 
through ninety successive individuals — extending over 
M^^neriod of three years — and to experiment on the 
^^^■llt of varying the quantity of virus introduced as 
^^^D aa on the result of passing the virus from one 
species of animal to another, and back again to the 
fint species {e..g. rabbit as the first and monkey as the 
Mcond species). Before Pasteur's time Kossi, con- 
firmed by Hertwig, had used nerve-tissue for inocula- 
don with leas definite results. Pasteur has the merit 
of tatublishing this method as the really efficient one 
Kiia experimenting on the transmission of rabies. 

L Using the nerve-tissue, Pasteur has determined by 

Krai experiments that whcu a large <|uautity of 

I (that ia to say, of the medulla oblongata of a 

. rabbit pounded up in a perfectly neutral or 

lined broth) is Injected into the veins of a dog, 

ubation period is seven or eight days ; by using 

Der quantity he obtained an incubation period 

reuty days, and by using a yet smaller »juantity 

f tliirty-cight days. It is vcr}' important to note 

f using a still smaller dose Pasteur found l'-" 
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the dog 30 treated escaped the effect of the iraison 
altogether. 

A very interesting aud important result is that in 
the coses in which the largest amount of poison was 
used, and the quickest devflopment of the disoaae 
followed, the form which the disease took was that of 
paralytic or "dumb rabies," in which the animal 
neither barks nor bites ; whilst with the emaller dose 
of poison and longer incubation peritjd " furioua raliiea " 
was developed. Moreover, by directly inoculating on 
the Burfftce of the brain and spinal cord, Pasteur haa 
been led to the conclusion that the nature of the attack 
can be varied by the part uf the central nervoos 
system which is selected as the seat of inocula- 
tion. 

Certain theories which have been held as to tbe 
mode in which inoculation witli the attenaated vims 
of sucii diseases as smoll-pox and anthrax acta, so as 
to protect nn animal from the effect of subsequent 
exposure to the full strength of the poison, might lead 
us to expect that the dogs which were inoculated by 
M. Paateur with a quantity of rabid virus just small 
enough to fail in producing the symptom-i of rabies 
would be "protected" by that treatment from the 
injurious effects of Bulwetjuent inotulation with a full 
dose. Thi«, however, Pasteur found was iiot the case. 
Such dogs, when flul»s«juently inoculated with a fuU 
dose, develt>ped rabies in the uiiunl way. 

When the vinw of rnbiea La introduced from a dog 
into H rabbit, anr) is nuitivated through a secies of 
rabbits by inocttUcing tfao brain «itb a piecv of the 
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spinal cont of a rabid animal, Pasteur has fouud that 
the virnlcDcK of the poisou is increased. The iucuba* 
tiun period becomes short^^r, belug at first about fifteen 
dsTS. After being tranamitted from rabbit to rabbit 
through a series of twenty-fivf? individuals, the period 
of in<mbation l)econie8 reduced to ei^ht days, and the 
loufc of the poison is proportionately increased, 
further transmission through twenty-five 
iduals, the incubation period is reduced to seven 
daya, and after forty more transmissions Pasteur finds 
an indication of a further shortening of the incubation 
iod, and a projiortionate increase of virulence in the 
cord of the rabbit cxtraeted after death and 
for inoculating other animals. Thus Pasteur 
found it possible to have at his disposal simultaneously 
rabid vims of different degrees of activity. 

It is curious that Pasteur found, on the other hand, 
that the virus from a rabid dog, when transmitted 
from individual to imlividunl through a series of 
monkeys, graduidly lost its activity, so that after pass- 
ing through twenty (?) monkeys it became iucajiable 
..prodQcing rabies in dogs. Thns a portion of the 
cord of such a monkey, itself de^ of rabies, 
pounded in broth and injected beneath the skin 
log, failed to produce rabies, and even when ap- 
to the dog's brain after trephining failed to pru- 
nbies. 

'osteur makes thi:* vcT}' important statement that 
thus tn-ated with the vini.'t which had been 
cultivation in monkeys, although they 
E'not develop any symptoms of mhied, wra reu- 
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dered refrctctoiy to subsequent inoculations with 
strong virus — that is, were " protected." 

Thus we note a contrast between the effect obtained 
by inoculating an animal with a virus weakened by 
cultivation, and those resulting from using a minute 
quantity of the virus. The latter proceeding does not 
result in protection, but the former does. 

The fresh spinal cord of an animal that has died 
of nibies is apparently full of the rabid virus, and it 
will, if kept so as to prohibit putrefaction, retain for 
some days its rabies-producing property. Neverthe- 
less it gradually, without any putrefactive change, 
loses, according to Pasteur's observations, its virulence, 
which finally disappears altogether. So that it is 
possible to obtain cord of a very low degree of viru- 
lence, and all intermediate stages leading up to the 
nu>st active, by the simple process of suspending a 
series of conls at definite intervals of time in glass 
jjirs containing dry air. 

Thon^ an^ thus two wavs of brinsrinfi^ the virus of 
rabit s taken fnnn a dosx into a condition of diminished 
;wtivily the one by cultivation in monkeys or some 
other animaK the other by exposing the spinal cord to 
dry air whilst pn^ventiug it from putrefying. 

It W51S found bv Pasteur that doi^s inoculated with 
the virus weakeuini by eulti\*;uion in monkeys were 
pi\*tivti\l InMu the elTev^ts of sul^sequent inoculation 
with stnMtsr virus^ Heiuv he prooetxled to experiment 
in the o.-rt\tiv^u so indioatixL He inoculated dogs 
with a \erv weak virus taken lr\>m a mbbit — that is, 
a virus having a Ic^ug ineulvition jx^riod — and at the 
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time he moculuted also a rabbit. When tlie 
secood rabbit went mad and died, the dogs were again 
!uUt«d from it, and a third rabbit was also inocu- 
froni it. When this rabbit died the process was 
Tq)cat«d with the dogs and with a fourth rabbit, and 
so on until the virus had become (aa above stated to 
be the case) greatly increased in activity, its incuba- 
pcriod l>eing reduced to eight days. The dogs 
not rendered rabid by the first inoculations ; they 
linly would have been by the laat, had they not 
lergone the earlier. The harmless virus rendered 
dogs insusceptible to the rabies-producing quality 
the second dose introduced, the second did the same 
the third, the third for the fourth, and so on until 
dogfi were able to withstand the strongest virus. 
It would seem that this method of using a gradu- 
wries of poisons was not intentional on Pasteur's 
part at first, but merely arose from the ronvenience of 
orraQgement, sineL- the effect of the previous in- 
idon could be tested and a ocir inoculation to act 
ft preventive could be made at one and the same 
time. Xererthelcss, Pasteur has ret-aincd for reasons, 
which it is possible to imagine but have not been given 
as yet by him, this method of repeated doses of gradu- 
«Uy increflsing strength in hia subsequeni treatment. 
In 1884 a Commission was ap|}oiiited at M. 
r'li retiuest l)y the Mini.iter()f Public Instruction 
i« the results ao far obtained by him in regard 
a treatment by which dogs could be rendered re- 
fnwtory to rabies. The Commission comprised some 
■'ItvKiolc^iste in France; it consisted of 
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MM. B^claxd, Paul Bert, Bouley (the celebrated 
veterinarian), Tisseraiid,Villemm, and Vulpian. Their 
report contained the following statement : — 

The results observed by the Commission may be thus sum- 
marised. \|^ineteen control dogs {i,e. ordinary dogs not treated 
by Pasteur) were experimented on. Among six of these bitten 
by mad dogs, three were seized with rabies. There were six 
cases of rabies among eight of them subjected to venous inocula- 
tions, and five cases of rabies among five which were inoculated 
by trephining on the brain. The twenty-three dogs treated (by 
Pasteur) and then tested all escaped rabies.^ 

Subsequently to the experiments witnessed by the 
Commission M. Pasteur carried out experiments in 
which, instead of using virus of increasing strength 
taken from living rabbits, he made use of the fact 
discovered by him that the s pinal cord of a rabid 
anmud when Feaerved in dry air retains iteiSent 
property for several days^ whilst the int^^nsity of the 
virulence gradually diminishes. Pasteur used for this 
purpose cords of rabbits aflfected with rabies of great 
virulence, determined by a long series of transmissions, 
and having only an eight days' incubation period. 
He injected a dog on the first day with a cord which, 
when fresh, was highly vinilent, but had been kept 
for ten days, and hence was incapable of starting rabies 
iu the dog ; on the second day ho used a cord kept 
for nine days, on the thin! day a cord kept for eight 

1 1 have ascortained that of thosi» tAvontY-thit>e dogs some had been 
already treatoil by Pa*tour In^fon^ the apiHMutment of the Commiasion, 
anil a minority wort* tn'atiHl by him for the lii^t time in the presence 
of tlio Commisjsion. Ton of thoM* iloj,*^ art* still in M. Pai^teur's hands, 
and have Ihimi iniKulatod UiriH* time?* i^i the surface of the brain with 
rabid virus ; not one h*w dcvelojHHl rabivs^,- -^Tuh 1887. 
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>, and so on until on the tenth day a cord kept 
pooly one day was used. This wag_fpiuid to cause 
I in a dog not previously treated, and yet hail 
i mch effect on the dog subjected tn the previous 
ries of inoculations. The dog had been rendered 
refractory to rabies. In this way M. Pasteur states 
^tbat he rendered fifty dogs of all ages and races re- 
^Bbotory to (or " protected agaiust ") rabies ivithout one 
^^HUTK. Virus was inoculated under the skin and^. 
^^H^ on the surface of the brain after trephining, and 
^^Htes was not contracted in a single case. 
^^ Why M. Pasteur makes use of a gradually increas- 
ing Htrength of vHrus, or how he supposes this treat- 
ment to act so as trj give the remarkable result of 
protection, he has not explained. The experimenter 
very probably has his own theory on the subject, 
which guidfs lijui in his work ; but whilst he is still 
expcriroenling and observing he does not commit him- 
jself to an explaoalion of the results obtained. We 
may look in the future for a full consideration of the 
<abjcct and a definite statement of the evidence at his 
hands. Meanwhile, it must be remembered that the 
notes published by i\l. Pasteur are, as it were, buUe- 

Ifirom tlio field of battle, briefly onntiuncing failures 
snoccsees, and are not to be regarded as a histtiry 
m camj>aign or a statcmout of its scheme and final 
IsTing arrived at this point in his experimental 
to, M, Pasteur was prepared to venture on to the 
lar more delicate ground uf treatuienL of human beings 
pi,iirtv.,i ill,- ii.^k of hydrophobia. 
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The period of incubation of hydrophobia 4^ing 
usually four or five weeks, it seemed to M. Pasteur 
not impossible that he might succeed by the method 
which he had carried out in dogs in rapidly producing 
in human subjects a state of refractoriness to the 
poison of rabies by using a virus of rapid activity, 
and so, as it were, overtake the more slowly acting 
virus injected into the system by the bite of a mad 
dog. 

Whatever may have been his theoretical concep- 
tions, M. Pasteur determined to have recourse to the 
one great and fertile source of new knowledge — ex- 
periment. 

It is known that inoculation with vaccine virus 
during the latent period of small-pox has an effect in 
modifying the disease in a favourable direction, and 
so in any case it was to be expected that the inocula- 
tion of individuals during the latent period of hydro- 
phobia might produce favourable results. M. Pasteur 
hiul every reason to believe that, at any rate, the 
inoculation which he projx^sed would not have injuri- 
ous ivsults. He could proceed to the trial with a 
i*lear eonsc*ience, feelinsj sure that he was in anv case 
giving the bitten person a l>otter chance of recover}' 
than he would have if left untreatoiL 

The first human boinir treatevl bv Pasteur was the 
oUiUl Joseph Meister, who was s<n: from Alsace bv 
Pr WoIht ;uid ;uTived in M. Pasrour s lalx>raior>' on 
the Gih of Julv IS So. This child havi Ivvn bitten a 

m 

tew viavs previouslv. in fouruxu uid'ertu: vlaci^, bv a 
mavi viOiT, on the bauds, lei:^. aiivl :h'>iiSw ilM. Vul- 
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I anti Grancher, two eminent physicians, conaideredlf 

Bter to be almost certaia to die of hydrophobia^ 

Pasteur fletermined to treat the child by the method 

lily injection of the virus of a series of rabhitB' 

1 cords, begiauing with one kept so long as to lie 

wtive in the production of rabies even in rabbit*^ 

1 ending with one so virulent as to produce rabies 

1 large dog in eight days. 

On the 6th of July 1885, M. Pasteur inoculated 
^JwepU Mcister, under the skin, with a Pravaz's syringe 
half full of storiliaed broth (this is used merely aa a 
Udjbent). mixed with a fragment of rabid spinal conl 
^^^BD from a rabbit which had died on the 2l8t of 
P|PB<B. The conl had since that date been kept in a 
jar containing dry air — that is, fifteen days. " On the 
ilowing days, Meistcr was inoculated with spinal 
, fittm rabid rabbits kept for a less period. On 
|7th of July, in the morning with cord of fourteen 
I ; in thti evening with cord of twelve days ; on 
Bth of July, in tht' morning with cord of eleven 
n in the evening with cord of nine days; on the 
|of July, with cord of eight days; on the 10th of 
, with cord of seven days ; on the 11th of July, 
1 of six days ; on the 12th of July, with cord 
f days; on the 13th of July, with cord of four 
; on the 14th of July, with cord of three days; 
o 15tli of July, with cord of two days; on the 
i of July, with cord of one day. The fluid used 
I last inoculation was of a very virulent char- 
It was tested and found to produce rabies in 
i with an incubation period of seven days ; ;i- 1 
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in a normal healthy dog it produced rabies with an 
incubation period of ten days. 

It is now twelve months since Joseph Meister was 
bitten by the mad dog, and he is in perfect health. 
Kvcn if we set aside the original infection from the 
iruid dog, we have the immensely important fact that 
lu) has been subjected to the inoculation of strong 
rabid virus by M. Pasteur and has proved entirely 
iiisuw'cptible to any injurious eflFects, such as it could 
uiid did produce in a powerful dog. 

M. Pasteur now proceeded, immediately after 
Meistor's ciise, to apply his method to as many persons 
ji8 possible who had reason to believe that they had 
boon infectod by the virus of a mad dog or other rabid 
animal. It must be remembered that Pasteur does 
not attempt to treat a case in which hydrophobia has 
aotually made its appearance, and that he would desire 
ti> lu^ijin his trtvitmont as soon after the infection or 
bito as possible ; the later the date to which the treat- 
uuMit is iloforriHl, the less is the chance — naturallv 
enough — of its proving etlVvtive. He now omits the 
ttt^t ihtvo iuiHnilalions of weakest quality usetl in the 
oaso ot\K^oph Moister, ;md makes only ten inooidations 
(Ivneaih the skin on the aMomon), one every dav for 
ton davs, the stnuisrth of the virus Kiusr increased as 
alwo explained. Prv^lvablv Pasteur is varvint^ and 
impr\>ving his metho^l in regurvi to ^vrtaiu details. 
Ho himsi^lf has made no statemtut of .^ ^vnolusive 
naiur\^ during the year. He is otv<<rv:rig aiivl vvlKvt- 
iu^r his t^iotsw But Dr. Gmncher. \vhv> is .^: ;>rv:?ent 
l\isteur s chief as5>is:ant in oaxr\-ing on th^* itivvuLarions 
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Ibuman padente, has recently publisbetl i 
lysis of the cases treated. 
It appears that between the Oth of July 1885 auJ 
the lOlli of June 188fi the naralwr of patients treated 
by Pasteur's method was 1335. In onler to eliminate 
caaea of which the final issue is uocertain. Dr. Gnmcher 
(oaita those treate<l aubaequently to the 22d of April 
Of the cases treated within the period thus I 
fined, there were ninety-six in which the patients | 
. been bitten by dogsi which were absolutely de- 
istratcd to be suffering from rabies. This demon- 
stion was afforded either by the fact that other ' 
umals bitten by them became rabid or by ati esperi- 
mt in which a portion of the dog's brain being placed 
icontact with the brain of a living rabbit was found 
[,«m8e the death of that rabbit with indisputable * 
I of rabies. A second diss of cases were 
I persons who were bitten by dogs certified to 
I by the veterinary practitioners of the locality 
in which the bite took plaro. Of these there were 
44. Lastly, there were 232 cases in which the dog 
{tcb bad inflicted the bite had run off and not been , 
1 again, leaving it entirely doubtful as to whether I 
I dog had D-'ally been rabid or not. 
I For the purpose of judging of the efficacy of | 
Kur'a method the last group of cases tihuuld be put f 
I itltogcther. In the fin^t two classes there are 
These we can compare with the most carc- 
' formed concJusions as to the result of bites of I 
. dogs when Pasteur's traatment has not l>cen I 
In the finit part of this article it was stated ] 
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that the inquiries of the most experienced veterinarians 
lead to the conclusion that 16 per cent of human 
beings who are bitten by dogs which are certified to 
be rabid by veterinary surgeons skilled in that disease, 
develop hydrophobia and die. This estimate is a low 
one; by some authorities 25 per cent has been re- 
garded as nearer the true average. Taking the lower 
estimate, there should have died amongst Pasteur's 
740 patients no less than 118. 

What, then, is the difference resulting (so fax as 
we can judge at present) fix>m the application to these 
persons of Pasteur's method of treatment ? 

Instead of 1 1 8 deaths, there have been only 4, or 
a death-rate of one-half per cent instead of 16 per 
cent In less than one year, it seems, Pasteur has 
directly saved 114 lives. When we remember what 
a death it is fix)m which apparently he has saved those 
hundred and more men, women, and children, who can 
moiisuro the gratitude which is due to him or the 
value of the studies which have led him to this 
ri^sult ? 

Novortheless, lot us be cautious. It is very natural 
that wo should hasten to estimate the benefit which 
h;v=i Won oonforrvd on m:mkind by this discovery ; on 
tho oilior hand, tho method of testing its value by 
o\Mujw:uivo statistics is admitteiUy liable to error. 
Whilst tho figiiivs Si> far Ivfore us justi^ us in enter- 
taiiiiuc tho nux^t saiicuino view, a longer series of cases 
will Iv luwitul, and fiiii^i^V exomifiatioh of each case^ 
Ivtoro a linal judgtuont oan W pronoimced. We have 
Uv^t Ivforo us at present tho ilara fv>r a men? minute 
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Bdderntiou of the separate cases. But one of the 
t hopeful features in M. Graucher's statement is 
that he records only one death out of the ninety-six 
persons who were bitten by dogs experimentally proved 
> be rabid — proved, that is, by the communication of 

i by the dogs to other animals. 
^ Another extremely important series of cases is 
I by the forty-eight cases of wolf-hites treated 
f Paateur'a method. Owing to the fact that the 
i wolf attacks the throat aad face of the man upon 
1 it rushes, the virus is not cleared from its teeth 
their passage through clothing, as undoubtedly 
occurs in many cases of rabid dogs' bite. It is probable 
that this, together with the greater depth and extent 
of the wounds intlicted by wolves, accounts for the 
bet that whilst ouly IG per cent of the persons bitten 
by rabid dogs die, as many as G6'5 per cent of the 
persons bitten by rabid wolves have hitherto suc- 
camlied. Pasteur has reduced this percentage in the 
forty-eight cases of wolf-bites treated by him to 14 ; 
gevim of his vases died. But it is importjuit to remem- 
ber Uiat soma of these cases were treated a long while 
(three weeks or more) after the bite ; and also that the 
bites themselves, apart from the virus introduced into 
thorn, were of a very dangerous nature in some cases. 
On the other hand, it is equidly ti'ue that we do not 
, until some very much more complete record is 
I before us than we have at present, how many 
i of very slight injury, mere nips or scratehes, 
f have been included among the forty -eight cases of 
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Pa8tear is still observing : he himself has not pro- 
nounce^l his method to be final, nor that its efficacy is 
actually so great as the figures above given would seem 
to indicate. Time will show; meanwhile it is clear 
that the treatment is in itself harmless, and gives 
such reasonable hope of benefit that the great experi- 
menter is abundantly justified in allowing its fame to 
be s[)read through all lands, in order that it may be 
tried on as large a number of unfortunate victims of 
d()g-l)ite as possible. It is also clear that there is not 
the slightest warrant for those who would pronounce 
an adverse judgment on Pasteur's treatment and com- 
pare him to the quacks who deal in "faith-healing " and 
such like methods. 

What is above all things desirable at the present 
luonient is, that thorough and extended researches 
should bo made by independent scientific experts in 
this country on the lines travelled over bv M. Pasteur. 
This, alas ! is iniiH>ssiblo. Our laws place such im- 
jHHliniouts in the way of exjK^riments upon animals, 
that ovon a rioh man, wore ho oapablo, could not obtain 
tho liivnsos tKvos:>;irv for tho inquir\* : and secondly, 
tho tuon who aro ma<t likely to Iv capable of inquiring 
inti* tho matter aro not in a |x^ition to give up the 
whv^lo of tiieir time to it, and to jviy ^\Mnpetent assist- 
ants. No or.e in this ovn:n:rv" is driven a salarv bv 
the Stare. a:;vI ;>n>v:vUvi with L^lx^ra: . rv" And assistants, 
tor the ;^ur:v>se of :::.ik:ni: sUv h r.i w kv^owl^xii^v;. s^ that 

1 V»* •V-,* *•*%»•• *■ ^** " '• *> *'* .*** L *>»•<"• "~—*-'i '•." *■**."• *■" vl^^ 
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direct result of such a poeition that Pasteur has been 
able to ilovclop liis geuius. 

Pasttfar himself lias not espliiiui^d what theory he 
has fortnetl as to the actual nature of the vima of rabies, 
and UR to the way in wliich his inoculations act. so as 
to proteet on animal from the effects of the virus, even 
njier the virus has been introduced iiUo the system. 
Possibly he has no precise theory on the subject, but 
has arrived at his results by an unreasoned exploring 
method of experimentation. Such a method is not 
jtermissible to the ordinary man ; but in the hands of 
a great thinker and experimentalist it sometimes leads 
to gn*at results. Charles Dajwin once spoke to the 
prpscut writer of experiments, not dictati'd by aiiy 
precise anticipation of a special result, but merely 
andortaken "to see in a general way what will happen" 
— HA " fool's experiments," and itdded that he was very- 
fond of such "fool's experiments," and often made 
AVhen the individual who occupies the place 
" fool " is a man saturated witli minute know- 
Igo of the stibjeet on which the experiment is to be 
, it ii likely enough that, unconsciously, he frames 
ntheses here and there without t-aking note of what 
[oing on in his own mind, and so is unable to state 
irly how he came to make trial of tlii« or tliut ex- 
mental condition. 
' Whether I'listeur has workeil in this way, trusting 
be instinct duo lo his vaHt experience, or whether 
lliaa reaiMJoed step by step, we do not know. It is 
rerthelcsa jxtssible for the bystander to con^der the 
Bona theories which may be regarded as tendi 
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explain the resulta obtained by Pasteur in the cur© of 
hydrophobia. 

The general fact that the ill effects of some disease* 
due to specific virus or poisons can be avt^rtcil by in- 
oculating a patient with the -viruB in a modified twi- 
dition- — as, for instance, when vaccination is used oa a 
preventive of small-pox in man — may be explained 
more or less satisfactorily by three different supposi- 
tions. The first supposition is that the virus la a living 
matter which grows and feeds when introduced into 
the body of the inoculated animal, and that it exhausts 
the soil — that is to say, uses up something id the blood 
necessary for the growth of the virus ; accordingly, 
when the soil has been exhausted by a modified and 
mild variety of the virus, there is no opportunity for 
the more deadly virus, when it gains access, to feed ontl 
multiply. A second supposition is that the virus doea 
not exhaust the soil, but as it grows in the nnimal 
body produces substances which are poisonous to itaolf, 
and these substances, remaining in the body after they 
have been formed there by a modified virus, act poieou- 
ously upon the more deadly virus when that gains 
access, and either stop its development altogether ui 
greatly hinder it. An analogy iu favour of this suppo- 
sition is seen in the yeast plant, which produces alcohol 
in saccharine solutions until a limited pcrccutago of 
alcohol is present, then the alcohol acts as a poisou to 
the yeast phint, and neither it nor any other yeast 
plant of the kind can g;row further in that tmlation. 
A third supposition is that, whether the vinw bu 
living thing or not, the protective result obtained 1 
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iutrcxlucing the modified virus into the body of an I 
animal is due to the education of the living proto- 
plasmic cells of which the animal consists. If you I 
plungi; a mussel from the sea into fresh water, making I 
; that its shell is kept a littlf open, the animal will I 
I killed by the fresh water. But if you treat the | 
seel first with " modified " fresh water — that is, 
I braekinh water — and then after a bit introduce J 
|to fresh W8t«r, the fresh water will have no injurious | 
■, and the mussel may be made to jiermanently [ 
lerate fresh water. So too by commencing with j 
ill doses, gradually increased, the human body may 
I made to tolerate an amount of arsenic and of other \ 
wns which are deadly to the uneducated. 
Any one of these three auppoaitious would at fii-st I 
bt seem to offer a possible explanation of the pro- I 
tive inoculation against rabies and hydrophobia. 
Vh not known that the virus of rabies is a separate 
witic organism : at the same time it is possible that 

If it is not, the last of the three above-named j 
K»theses would seem to meet the case, and, whether j 
t vims is a linng thing or not, has uii up^iearanco j 
plausibility. 

1 Bat how are we to supijose that the inoculation | 

} modified rabbit's virus act^t upon a man so as J 

\- cat short the career of a dog's virus which has | 

ady been implanted in the man's system by a. J 



I To form any plausii)le conception on this matter 
I ought to have some idea as to the real siguificutice 
ncubatiou period," and this we are not yet 
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able to form satisfactorily. Most diseases which are 
propagated by a virus — as, for instance, small-pox, 
scarlet fever, typhoid, syphilis — have a fixed and 
definite *' incubation period." What is going on in 
the victimised animal or man during that incubation 
period ? On the supposition that the virus is a living 
thing, we may imagine that the virus is slowly multi- 
plying during this period, until it is sufliciently abun- 
dant to cause poisonous efiects in the animal attacked. 
It is difiicult to suggest an explanation of the incuba- 
tion period if we do not assume that the virus h a 
living thing which can grow. 

The poisonous effects are, at any rate, deferred 
during this incubation period. If you could introduce 
a mollified and mild form of the same virus with a 
shorter incubation period into the animal which has 
Won infected with a stronger virus with a long incuba- 
tion jvriixl. you might get the protoplasm of the 
iufet^tod animal accustomed first to mild and then 
j:nulu:dly to stnnigor doses of the poison before the 
oritioal poriixl of the long and strong \Trus arrived; 
and so, when the a^umod hour of deadly maturity of 
tho lattor was roaohtHl, the minimal tissues would 
oxhilnt ooniploto inditlorenoo, having in the meantime 
loaruT to toU r:\to without tho sliirhtost tiomor of dis- 
or5:,r.\is;\tiv>n :ho ivison ^or it niav Iv tho vibration!) 
\\h;.V., iMvvivn.s to tl;;:r iV*Uv\uion, would have been 
t^ro'.vi.N t':\:.»'. A>.v*vV<: i\:u.sy.v well wo mav fijrure to 
ox;rs<l\iS :l;o stcito of rrt':\\r:»::oii br^niiiht alx^ut if we 
oh*v\<<' to c iv.^iov t lu tv r:v;S ot* the tirsr or of tho second 
s;tpi\v^;:;o;\ ,«lvvo c^^^x-. The ;v^:n: vM importance to 
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ascertain, if such a conception is to be applied to 

Fustcur'B treatment of hydropbobia, is wLcther the 

g^8 aud wolf's virus is longer in incubation and 

oger iu poisonous quality than tbat of the rabbit's 

8 modifioil by lianging up in diy air. A general 

priDeiplu appears to be — uocordiug to M. Paateur — 

th at, in regard to rabies, the longer the incubation 

^HbkhI the lata the virulence of the virus, and the 

^Horter the incubation period the greater the virulence. 

^tW virus iu the cord of the rabbits used by M. Pasteur 

for preventive inoculation is stated by him to be, 

^j^nea frush, much more intense than that taken from 

^^fatad dog ; it produces rabies in a dog, when iujccted 

^^po its reins, in eight or ten days, liy hanging In 

I diy air for a fortnight this con! loses its virulence. 

But it has not yet bcc-n stated by Pasteur what are 

the indications that this virulence is lost, and whether 

the loss of "virulence" is in this cAse measured by 

an inrreasc of incubation period. We have no infor- 

mAtion from Pasteur on this point. It would certainly 

seem that the virus of the dried rabbits' cords ought 

not to lose its short incubation period if it is to get 

beforehand with the dog-bite vims, which ha? a period 

of five or six weeks.' And presumably, therefore, 

there must be two distinct qualities in which the 

■^■^^ The inrubAtion puiod of five wn:l;!i ordinorilj nhwrrd in tlic 
^^^^■f IMCB bitten \>y rubiil dof^a may iv iln« tu the tmaUiutt of the 
^^^HhuKK Pwtitnr lum ihowii that nnall Hows of nibiil vtnu give 
^^^Pf■ incutintiuii p>;ru>iU lluui \nr^ lUw*. How fur a <Iom of 
wmIi-'Iu'I lira" c*u W iiubl« Iu attain iliu «i>icl action of stTuns rinw, 
\ij iB'Trrwin^ lli« quantity of the weaker virtu iiiJHt«<], hot not bMB 
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virus call vary : one, its incubation period, and the 
other its intensity of action, apart from time, but 
in reference to its actual capability or incapa- 
bility of causing disease in this or that spociea of 
animal. 

It is useless to speculate further on the subject at 
present. The secret is for the moment locked in 
Fa8teui''s brain. Had we in this country a Stat« 
Laboratory or any public institution whatsoever in 
which research of the kind was provided for, tht 
fundamental statements of Pasteur as to his results 
with doga would ere this have been strictly tested 
with absolute independence and impartiality by 
English physiologists retained by the State to cany 
on continuously such inquiries. Similarly, we should 
have independent knowledge on the points above 
raised tw to the modification of the virus in rabbit*. | 
and the public anxiety on tlie whole matter would he 
in a fair way towiirds being allayed. At the same 
time, in all probability similar treatment in regard t*j 
other diseaaea would ere this have been devised by 
"practical" English experimenters. As it is, owing 
to our repreasivo laws and the State neglect of sdentific 
n'seiirch, we have to i-cmaiu entirely at the mercy of 
the distinguished men who are nurtui-cd and equipped 
by the State agencies of our Continental neighbours. 
All that we are in a position to say with regard tu 
l*aHteur*s treatment of hydrophobia is, tliat unless the 
accounts which have been publi^ed in his ntimc oud 
by hia assistants are not merely erroneoos, hut wiUbl 
&auils of incredible wickedaess, that trcatmcot 'a 
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likely to prove a success so extraordinary and so 
beneficent as to place its author in the first rank of 
men of genius of all ages. That is the position, and 
there is no reason why the former alternative should 
even for a moment be entertained. 



M 
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APPENDIX 

The period of two years and a half which has elapsed 
since the preceding article was written has extended 
our knowledge of the results of Pasteur's system of 
inoculation, and has also given more definite shape to 
the theories as to the modus operandi of the protect- 
ive virus. Up to the commencement of last sunmier 
7000 persons had been inoculated at the Institut 
Pasteur in Paris. The average mortality of these in- 
dividuals was 1 per cent, or, in other words, there 
were 70 deaths. If the mortality had been 15 per 
cent — the percentage of deaths of persons bitten by 
rabid dogs, as nearly as can be estimated, before 
Pasteur's treatment was known — then there would 
have been as nearly as possible 1000 deaths; so that 
we are justified in saying that Pasteur has already 
saved in this one institute alone 900 lives. Even if 
we make a reduction in the number of cases treated 
by considering those only in which the dog which bit 
was certified to be rabid by a veterinary surgeon, 
or experimentally proved to be so by inoculations 
made after its death with its spinal cord, we have 
still 4500 cases, with a njortality of 70 instead of a 
mortality of 675. In various places in Eussia and 
Italy, and in Turkey and Havana, Pasteur's system 
has been introduced with the same satisfactory re- 
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salts, viz. a reduction of the mortality of peraons 
bitten by rabid dogs from 15 per cent to 1 or 2 
percent 

Tlio number of luoculations with tlie preventive 
vinut and the streu^jth of the virus used has been 
gradually modified during the past two years, in 
sad) a way as to render the later results better than 
tbo«« ut Hrxt obtained. In fact, the latest returns 
show a reduction of the mortality to less than 
1 per cent, and in some series to zero — as, for 
instance, at Warsaw, where Dr. fiujarid inoculated 
in 1887-S8 no less than 370 persons, all bitten 
by animals proved to be rabid ; of these persons 
not one died. A similar result was obtained at 
Palermo by Dr. A. Cdli. who in 1887-88 inoculated 
i09 |ientons. 

"he following foct Is perhaps the most convincing 
I to the efficacy of Pasteur's treatment In 
^year 1887 the official medical report shows that 
850 people were bitten in Paris by animals suiTeriug 
1 rabies. 306 of these persons were inoculated ai 
iBtitut Pasteur ; of these 3 died. 44 of the 350 
ned to Ite inoculated, and of these 7 died. We 
I here the two groups — llie inoculated and the 
inocolntcd — drawn indifferently from the same 
lation, living under the same average conditions, 
ianbjected to treatment at the same time. The 
I tare precisely contirmatur)* of the coucluaions 
rivci at from the study of the lai-ger series of figures 
Uwived from leas rigidly established data. The per- 
l the deaths of tliose who refused to I > 
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oculated is 1 6 ; the percentage of the duutliH of thuoc 
treated by Pasteur is 1. 

It is a matter of great satisfaction to me to be 
able to record here the recognition of the convincing 
character of these results by a large and influential 
body of representative Englishmen. The Lord Mayor, 
Sir James Whitehead, kindly undertook, at my urgent 
request, to visit the Pasteur Institute when he was 
in Paris in May 1889. What he saw maxle so fiivour- 
able an impression that he readily undertook, on 
bis return, to do something to show the gratitude of 
the peojtle of this country towards M. Pasteur, by 
whom 250 British subjects had already been treated, 
and he consented to call a meeting at the Mansion 
House if I would endeavour to secure the co-operatioD 
of the leading members of the medical profession, of 
the President and Council of the Royal Society, and 
other representative men. The meeting, which was 
held on 1st July, has been declared to be the most 
influential wliich ever assembled in the Mansion 
House. Among those who were present were the 
Duke of Northumberland, the Duke of Westminster, 
Sir John Lubbock, M.P., Sir James Paget, Sir William 
Bowman, Sir Spencer Wells, Sir Henry Boscoe, Sir 
Joseph Lister, Sir Trevor Lawrence, M.P., Colonel Sir 
Edmund Henderson, General Strachey, tlic Dean of 
Manchester, Prebendary Harry Jones, the Vicar of 
St. Pimcraa, the President and Council of the Royal 
Society, and deputations from various medical societJM 
and from dog-fttucicrs' associations. Tho Prince uf 
Wales, Professor Huxley, Professor Tyndall, uid I 
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^^BDch Ambussodor wrote letters wnrmly supporting 
^^B objecta of the meeting. The following ore the 
^^^nations which were passed : — 
^^^P'(l) That this meeting records its conviction tliat 
^me efficacy of the anti-mbiu treatment discovered by 
M. pAstcur is fully demonstrated. 

. (2) That this meeting desires t^ express the in- 
ktedness of the people of Great Britain and Ireland 
H. Pasteur and the staff of the lustitut Pasteur for 
I generous aid afforded by them to over 200 of our 
bw-countrymen suffering from the bite of rabid 

MS) That this meeting requests the Lord Mayor 
irt a fund for the double purpose of making a 
table donation to the Institut Pasteur, and of pro- 
ng for the exi^nses of British subjects bitten by ' 
■id animals, who are unable to pay the coat of a 

mey to Paris. 
I (4) That this meeting, whilst recognising the 
Idc of M. Pasteur's treatment, and taking stcjts to 
ivide for the treatment of persons who may herc- 
r be bitten by rabid animals in thia country, is of 
Vptnion that rabies might be st-unped out in these 
tinUndfl, and invites the tiovernraent t*i introduce with- 
out delay a bill for the simultaneous muzzling of all 
idogs thi-oughout the British islands, and for the estab- 
iisluDeut of quarantine for a reasonable period of uU 
1 imported. 

I fund which vn& there and then titarted has 

^ed the Lord Slayor to assist many poor British 

> visit Paris for the purpose of undergoing 
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M. Pasteur's treatment, and has farther enabled the 
committee to make a donation of 30,000 francs to the 
Pasteur Institute. 

With reference to the theory of preventive inocu- 
lation for hydrophobia, it must be remembered that 
the whole subject is one of the most recent develop- 
ments of biological doctrine. The fact was long ago 
established that inoculation of a disease may be suc- 
cessfully practised for the purpose of producing a local 
development of the disease, which acts so as to protect 
the organism against a more general attack supervening 
by the ordinary channels of infection. Such inoculation 
was practised as a protection against small-pox before 
the discovery of Jenner, and has also been used in 
relation to some other infective diseases. It may be 
spoken of as " Montaguism," in reference to Lady Mon- 
tagu, who introduced the practice into this country. 
The use of the disease in a modified form for the pur- 
pose of inoculation (or of a distinct but allied disease 
for this purjx^se) is what is known as Jennerism, and 
is seen in the use of the cow-pox as a protective against 
small-pox. The further step of taking the infective 
material, which is nothing more nor less than living 
Ru^teria, or miorol>e^, of a sj^ecial kind, and cultivating 
it artitioially in solutions \s4th increased oxygenation 
or tennx^nUure, or whatever it may be, so as to 
diminish it^ poisonous quality, and then using this 
iHiltivatoii material for preventive inoculation, is 
Pasteurism, It h;is Wen most extensively applied in 
the 04\se of the splenic fever, or juithrax, of cattle and 
sheep, but als*> in many other diseases experimentally. 
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It is now dcmoiistratetl that the protection iiffonlcd, 
whetlier by Montaguism, Jc-uuerism, or Pastcmism, is 
due to the production of a cht-mical soluble substance 
by the microbes of tlie disease, which may be termed 
"vacciii." The vaccinated animal or num 
DQpregiiated with thia vaccin, and is no 
J)le to suffer when the microbes of the related 
disease enter the blood or tissues by chance infection. 
The protection cannot, however, be due to the ac- 
enmalation and retention of the vaecin in the auimal's ' 
Viody, for it has been shown by Bouchard that vaccin 
sabstanws are excreted in the urine, which thus ac- 
quires vaccinating qualities. It must therefore be 
due to an action on the protoplasm of the living cells 
of the oi^anism, by which the molecular condition of I 
ibc protoplasm is slightly l)ut permanently, or at any i 
ntc for a considerable time, elianged. The condition i 
of the chemical activity of the protoplasm — summed 
op as " nutrition" — is atfected, and it is no longer 
liable to suffer Iroui the poisonous activity of the 
■obes related to this particular vaccin. 
An extremely important question is whether the 
pn>duced by u microbe is the name substance 
Hie p(»i«on by which it acts so as to produce deadly 
^ts. The poisonous product may be called the 
It is undoubtedly, like the vaccin, a 
■.diffusible, chemical body produced or secreted 
iie microbe. It is quite possible that in some 
I the toxin and the vaccin may be ono and the 
) sobstuuce, in which caiic the protective action i 
be Himpb' mithridatism, lu explained in the 
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ubemical substances produced by tbe microlie. tu 
the spinal cord of ii nibic animal removed and hnng 
up in a glass jar to dry, the vaccio sultstanee appears 
to moatu intact, whilst the toxiu diminishes, and 
fuially is all destroyed. 

As stated in the essay to which this not« is jui 
appendix, M. Pa-steur does not use in his trcutment 
of persons bitt«n by rabid animals an attenuated viras, 
that is. a virus containing a weakened toxin, but, on 
the contrary, a virus of increased strength, Tbe rabic 
■vims as found in the dog is of medium strength and 
rapidity of action ; by cultivation from monkey to 
monkey it can be attenuated, rendered slower and less 
deadly in its action. But by cultivation ti-om rabbit 
to rabbit M. Pasteur obtains a virus of maximnra 
intensity, which kills in seven days, and it ia this 
which ho makes use of in treating persons who have 
been already iufoctc<i by the virus of medium strength 
from the tooth of a dog. The explanation of this is, 
of course, related tn the fact that M. Pasteur has not 
tp bis trcutmcnt to prepare liii^ patients to withstand 
ptare inoculation by dog-bite, but has to treat 

DUB already bitten, already harbouring in their 
I the slowly-acting form of tbe vims derived 

^ the dog. 

"It ia," Dr, HoQchard observM, " neceasary to 
Jce this latter vims, to act more quickly than it 

, in fact to make use of a vaccinating virus of 

• incubation, to employ in conseqaenw an in- 

I vims. Inoeuhtte<l beneath tbe sldn, a rabic 

I at any kind will odim give vaonnal protection ; 
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efl&cacious, there is a natural reluctance to change 
any of its empirical details, but that further experi- 
ment with animals may lead to modification in the 
direction indicated by his queries. On the other 
hand, it is admitted by aU who have occupied them- 
selves with the subject that there is still a vast deal 
to be ascertained experimentally in regard to the 
whole question of vaccins and immunity. A curious 
commentary on M. Bouchard's anticipations is found 
in the fact that the Eussian physicians have modified 
Pasteur's system in the opposite direction. They 
carry on the series of inoculations till medullas of 
only two days, and in some cases fresh medullas not 
twenty-four hours old, are reached. The results of 
this intensive treatment are said to be extremely 
satisfactory, giving less than 1 per cent of deaths. 
The ThSrapeutique des Maladies Infectieuses, Anti' 
sepsie of Professor Bouchard, published in Paris in 
1889, contains the most luminous exposition of the 
whole subject of vaccination and immunity in refer- 
ence to Bacteria with which I am acquainted. Those 
who may have been stimulated by the foregoing 
remarks to a desire for further information on these 
topics cannot do better than peruse ]\I. Bouchard's 
admirable work. 
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} not feel much diffidence in complying witli the 

of the Editor of tliis Keview, that I should 

! a brief shitemtmt of my opinion ou the recent 

ic upon examinations, because 1 believe that there 

yery few persons who have had so wide and con- 

|0U8 an ex|)cnencc iu exuminutions as 1 have had. 

riy days I was subjected to innumerable exam- 

for scholarships, degrees, and fellowships, 

I at Oxfonl and at Cambridge, aud during the 

I twenty ycui-s I have been almost constantly 

loyed in examining for scholarships, or degrees, 

UlowstiipB, or other appointmeutA on I>ehalf of the 

ronity of Oxford or of that of Ciunlmdge, or for 

vu or another college, or for the University of 

m, or for the Civil Service Coromissionera, or 

Public Schoobs Examination Boanl. 

L mere experience of a vast number of cjcomuia- 

I would not, I think, in itself enable any one to 

1 opinion 113 to the good or evil results flowing 

I tho present cxaniiuatiou system were that ex- 

Mce not occompanied, as it has been in my own 

Uy coDstflnt occupation as a teacher : 1 havu 

il,ii» ...-.■i.t.i.^l both at Exeter College, Oxfimi 



tmd at University College, London. It in only by 
cloae contact as a tfiacher with the actual class of 
students who are submitted to any particular examina- 
tion, that it is possible! to form a really well-1)ase<l 
judgment as to the influence which the examiutttiwi 
system is exerting upon education, and it is only 
by actual experience as an examiner that a correct 
apprehension of the limitations and posfiihiHties of ibt 
examination system can be gained. 

Though I agree witl the general statement of the 
recently published protest that the cxjimination system 
is at the present moment exerting a most injurious 
iufluejice upon the youth of this country, 1 did not 
feel able to join in signing the published paper on 
account of the indiscriminate character of the attack 
therein made. 

1 have often thought that in these days of con- 
gresses a conference of examiners might with advnn* 
tage be brought together in order to diseues the Art 
of Examining, and if possible to frame some general 
conclusions sa to the beet methods of examining in 
various cases and for vai'ious ends, us well as to con- 
sider the utility or inutility of examiuatiuna as st 
present applied to a variety of purposes. 

It appears to me that it may very weiJ be con- 1 
ceded without discussion that it is likely that examina- 
tion is useful and in every way satisfactor}' in rcganl 
to some of the purposes to which it is at present 
applied, whilst it may be productive of barm when 
applied in relation to other purpose*. 

No Btatement or discussion concerning uu 
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^^^K can therefore be admitted wtiicU docs uot re- 

^^^■lise this distiuctiou ; the question, for instance, of 

^lEe utility of qualifying examinations must be kept 

apart (rum that of the utility of competitive examina- 



Uoreover, it hardly admits of dispute that, whilst 

i aulijects of study or acrompliahmeut ean readily 

juadc the matter of examination, and will yield the 

; conclusive evidence as to the acquirements of 

minee when they are thus used, other auhjects 

jctromely difficult to examine in. Thus eleroen- 

F mathematics form perluips the ideal subject of 

liuatiou, whilst philosophy and other speculative 

r are troublesome and illusive from au examiner's 

t of \*iew. More than this, whilst it is possible 

sat by examination the memory of the examinee 

> the contents of a book, and even his real know- 

I of a subject, it is verj- much more difficult to 

i by examination his possession of a variety of 

1 qualities, such as mlministr.itive capacity, tact, 

llectaal honesty, and other moral attributes ; at 

Ktato nu snch testing, even could it be devised, has 

i been practised. 

Hence it seems that the whole question of exam- 

loa must be limited by a consideration of the 

b-matter to which exomiuation can be applied. 
L third element of very great importance in any 
late of the inBuencu of examinations is that of 
I who examiue and the punions who are 
ined. It is maintained by many thoughtful 
I that then; is no harm in examinations so 
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long as they are limited to the examination by a 
teacher of bis own pupils. It is maintained on 
the other hand — or perhaps I should aay was iniuu- 
tained some years ago — by distinguished educational 
rcformt^rs. that the examination of hia pupils by a 
teacher is harmful aud alisurd, and that thu unly 
good that can be done by cxaminatiuna is dooA 
when the examiner is a stranger alike to the es- 
amineea and their teachers. ITuder tins head also 
arises the consideration whether eximiimttions are 
at all times in all places good for all men. It may lie 
that examinations of one kind aud another oAn be 
advantageously applied to schoolboys, but are not 
useful to the same extent or for the same purposwa 
whcii ajiplied to university students or to professional 
men. Some persons think examinations bad for 
infants, whilst admitting their hiirmleHfluess when 
applied to eliildren above ten years of age ; Home 
think that women as a rule are injured by the ex- 
amination rack, which only permanently injures a 
small percentage of thuir brothers. Acconlingly, wo 
must note as a variable feature, which must lie limited 
and defined in all stat^imenta as to the influence of 
examinations, the personal element sought by the 
questions : \Vho are tlie examiners ? Who are the I 
examinees ? What arc the relations of the one group I 
to the other ? I 

It in impossible in the space at my disposal to go 
over from the three points of view above stat*^ the 
whole series of examinations hold und<!r ime or othar 
authority in this country. 1 will confine myiwir t0 4| 
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ueDl derived frum sueh apeciul uxperienco as ' 
lave had, which iucludes examinatioDs of four 
net kinds, viz. : — 
f I. ExamiuationH applied as jrart of tlic educational 
system iu schools aud universities. 

II. Examinations qualifying for admission to a 
profession, in which special Itnowledge is a necessary 
equipment for the honest practice of the profession. 

III. Examimitious for the purpose of selecting by 
stxict competition the one or more successful candi- 
dates from among a number of applicants for a post in 
the Home or Indian Civil Service. 

I V. Examinations for the purpose of selecting by 
strict competition — the award going to the examinee 
who has scored most marks — the recipient of a 
acholanhip or of a university fellowship. 

I 1. Firstly, with regard to the use of examinations 
liools aud nniversities. I caimot admit that there 
f.well-founded objection to the use of examina- 
means of t(>sting and dotormiuiug the 
f of a student in an educational curriculum ; 
e contrary, it seems to me that pawi examinations 
tSefinite intervals are neci^ssary buth to enable 
teacher to aacLTtain whether the student han 
gainerl sutbcient knowledge in order to proceed to 
A further grade or bnmcli of instruction, and to enable 
the teacher to correct his own methods if found 
xtiva. To the student also such examinations are 
Mt valuable exercise, fiince by passing them he 
coahdeDet.- in his own progruM, and in the 
... .1.,.,., -..[-veys and brings intii practi- 
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cal form the results of study. Such examinations, 
however, assume a different aspect when they are 
conducted, as is too frequently the case, by an 
examiner appointed ad hoc, who is a stranger both to 
the examinee and to his teacher. A further modifica- 
tion which is as a rule injurious — though not, perhaps, 
under all circumstances — is introduced when the 
examination is made competitive, and the results 
are published to the world with the examinees' names 
arranged in order of merit. There is, I think, a 
distinction to be drawn here between the examination 
of schoolboys and that of university students. My 
strong impression is that competition by examination 
for pre-eminence in class among schoolboys is not 
injurious, but, acting upon healthy young natures, 
serves as an unobjectionable stimulus to exertion. It 
also seems to me that, whilst firequent or even 
annual inspection and examination by external ex- 
aminers is open to the same objections in the case 
of schools as in that of universities (to be mentioned 
bolo\v\ there is not the same objection to a "leaving 
examination" or *'universitv matriculation examina- 
tion " beiuix conducted bv eximiiners who have not 
Won the teachers of the candidates. Such an ex- 
;m\ination as that hist namovl mav l>e regarded as 
a moans of criticising auvl testing the performance 
not mon^lv of the schivlKns but of the schoolmasters. 
Auvl it is right that thoy should Iv so tested and 
diivctinl bv ihvv<c diargwl with the later steps of 
tnlucation. t\amcl\\ the authv>nt ios of the university. 
The uniNci^itN must uiwssariiv K- rt^j^aivieil as the 
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JiMt authority in the educational system, and it is 

■able that it should give direction to school educa- 

I, nud maiotaiii by its critic-ism a certain standard 

Gciency in the work of masters and scholars alike. 

I the other hand, there is no authority beyond that 

of the university, and accordingly there is not the 

Iue reason for subjecting university students to 
^■nation by persons vha have not been their 
icbers as there is in the case of schools. 
j The plan of setting "impartial" examiners who 
fre had nothing to do with the teaching of 
e examinees to test them by written papers and 
ri'rsJ voce questiiming is the primarj- evil from which 
j the abuse of examination in the English universities 
The system has grown to such dimensions i 
I acqnired such collateral developments in Oxford 
I Cambridge that in my opinion the condemnation 
by Prufcssor Freeman and Mr. Frederic 
ion is fully justified. T"he system administered 
jhe examining board in Burlington ( iardona, known j 
he University of London, is even moi-c injurious in 
SBuits. I venture to espress this opinion as 
[ octetl for some years in the capacity of ex- 
pier for the UnivrrHity of London and at intervals 
■ the Universities of Oxford and Cambridge. It 
able to state a little more fully what the 
objected to is, and the nature of the evil 
1 tt produces. The special examiner — if 1 may 
[ that term to signify an examiner who is not 
Iteacher of the examinee — is employed both to 
T on pn** examinations, which in themselves are 
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free from objection, and indeed necessary parts of m 
univereity curriculum, aud also to conduct competitivt; 
examinations for " honours " and univtjraity prizes. 
He examines pupils tnuglit in a uumlicr of different 
colleges, who compete with one another lik<' tho 
race-horses from rival stables. The teaehcnt act tho 
part of trainers, aud university teaching ossames the 
form of a keen and restless competition for sQcc^iSs in 
the examination. The result in regard to the teach- 
ing; is most disastrous. It has been deliberately 
maintained by the advocates of the system (to ainy 
out which the present University of London exists) 
that its chief advantage is tlmt by emjiloying first-rate 
examiners you can dispense with any provision for Bret- 
rate teachers, or indeed any teaching at all, since the 
examining body lays down in detail thb subjects of the 
university curriculum, and by a free competition thoM 
teachers will come to the front who succeed in passing 
most candidates or gaining most honours. The direct 
result of this plan is that iu London there are a targe 
number of teachers who take very low fees, aud who 
teach their subjects solely with the view of securing a 
piws for their jiupik with tlie minimum rx penditure 
of time. Competition loads to ihe uudorsclling of 
capable men by inferiors, and a consequent diffusion 
of the atudenb* among a number of small private 
or semi-public iustitutions where, as the results of 
the oxamiuation-roora show only too clearly, they are 
not well tauglit. At Oxford aud Caml>ridge the 
result of the syetum of iipi.'cial ojcaminurs is modified 
by the '* peculiar institution " uf those univorsitics — 
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llic colleges. The competition is not amougst in- 
<li\'idnal8 or small imjioverished schools, but amongst 
wtialtliy colleges. Accordingly the teaching never 
siiiktt to BO low ail ebb as iu London ; college endow- 
tueats and the college monopoly of fees enable the 
Oxfunl and ('ambridge colleges to employ men of 
ability «nd culture as " trainers" for the exuminatiim 
stakes, and eaeh college competes with its neighbours. 
But a curious result of the combined system of college 
mono|Kily and apeciiil examiners is that the univer- 
gity professors are, iu regard to most subjects taught 
in colleges, left without occupation, having, as a 
rale, ver)' few pupils and no voice iu the examina- 



■The result of these arrangements, whether in 
fcrd and Cambridge or iu London, is that the 
ninatinns acquire an undesirable importance. A 
refers throughout his life to the fact that he 
iiied a " first-class " as a sort of jierijetual testi- 
monial, and as the complement of this attitude the 
Examination is inxeusibly, aud without deliberate 

ttion, made more difficult every year. The men 
have been themselves examined in this way, and 
have taught in connection with this system, lu 
due course liecome examiners or uAsist iu preparing 
schedules of the examination, and each gives a turn to 
the screw until the couditiou is arrived at when a 
eandidalu for honours has no time to read or to think, 
bat mmtt niali, note-hook in hand, from one skilful 
Itet unj or coach to another, who undertake Ut put 
■ throngh "all that is necessary for the examina- 
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tion," in so many hours a week, in twenty different 
branches of study. 

Perhaps the most injurious result of the system is 
the degradation of the teacher. There is no nobler 
vocation among men than that of the teacher ; there 
is no more enviable position in the world than that of 
the university professor as realised in Germany — 
honoured by the State, chosen from among his com- 
peers to pursue his studies as a public servant and to 
associate with himself in the making of new knowledge 
the best youth of the Fatherland. For him there is no 
intrusive board of examiners — drawing away from him 
the attention and respect of his pupils, or urging him 
to put tiside his own thought and experience, and to 
teach the conventional and commonplace. The system 
inventetl by Fichte maintains that perfect relation of 
toucher and pupil which he sketched in his description 
of the University to be founded at Berlin in the 
boorinuinc: of this centur\\^ The essence of that 
relation is the absence of examiners — :the professor 
himself is examiner and teacher in one. Another 
important fcatun^ is that the professor is neither 
tlojvndont on fees, nor entirely independent of them. 
Ho has a sti|HMul which ensures him a certain freedom 
i>f action, and his pupils pay him a small fee which 

^ Fiohto >^iy> i:i 5<^ ni.iny worv*> :i:u: a •.irL:vcr>?::T •> not a police 
t'\:vr:s in the at: a* niikin-: k.-.wlcd^. i=.^i thi: :z:> eri is AttAiaed 
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1 his attention to tlieir requirements as well I 
■ their respect for what is not merely given fori 
Compare this with the position of the ' 
Hfesjor who teaches under the auspices of the 
biversitj' of London, or even with that of the college 
nrer of Oxford or Cambridge, The university, in 
t« carry out it* system of esaminatious, is 
I to produce a detailed schedule of every subject 
ich examination, and it is only in accordanec with 
i schedule that the professor or lecturer can open 
I mouth. Such sohcdules necessarily become anti- i 
; they ;ire often fiitile and objeetiouablo even 
1 freshly prepared by the "boards" of examination; 
the most gifted teacher is tied down to these 
idulcs, drawn up often by those who have passed I 
, former period of "activity" to a hiter and 1 
IchievouB period of mere " authority." The pupil 
warily under this system looks upon his teacher 
1 inferior person, who like himself is subjoct to the 
iation of examiners ; he resents tlic introduction of | 
^ matter in the course of the teaching offered to I 
1 whidi is not in the schedule, or will not pay I 
I the examination; he pays his fee not to stndy^ I 
phjcct, but lu be " put through the examination," ] 

under the 8}'stcm of open eomiwtition amtmg 

ibers which exists in London, he tends t^i sevk i 

tearher who most frati kly accepts the odious J 

■tion of the examination hwrk. 

ITd my own opinion, uh having had experience of 

UiliTereity College, the attitude thus forced on 

I and teacher by the esamiuation system u<*tually 
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at work is most poraicious to the mtelluctiial develop- 
ment of the student, aiid to the teacher olinoBt un- 
bearable. Fortunately for me my experience lias been 
largely mitigated by the fact that 1 have indepcnd* 
eutly held the post of esamiuer at Burlington Houae 
during the greater part of the time in which I have 
been teaching at Uuiversity College. And thi« 
brings me to a curious and important coofiideration. 
The advocates of the examinations of the Uuiversity 
of London claim, and irom the first have cUimcd, 
that their gi-cat recommendation — as contrasted with 
the examinations of a German or a Scotch universitr, 
in which there is no schedule and the profeaaor is 
examiner — is that in the London system the nchednles 
arc laid down by an independent board of learned nud 
impartial authorities, who are not teachers, and thnt 
the examinations are conducted by highly-paid 
examiners who have no interest in or knowledge of 
any of the candidates ; therefore (it is said) the results 
desers'e the very greatest confidence — tliey are abso- 
lutely impartial. Now as a matter of fact the world 
is so constructed that this pretence of impartiality is 
ahecr nonsense. A superior class of being* who can 
draw up schedules and examine without teaching does 
not exist The examiners of the University of London 
are, aa a matter of fact, teachers ; and often, as in my 
own case, a fourth of the candidates in an examination 
have been taught by the examiner, whilst the remain- 
ing three-fourths suffer the disadvantage of not having 
been so taught. 

A final objection to the " special examiner " ayato 
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which is perhaps of more practical vaJue than aoy ' 
other objection, is this, viz. that one of the real 
advanta^s of examination iu connection with educa- 
tion is lost when a stranger examines inateiul of the 
t(!ai:hi*x. That advantage is the observation on the 
part of the teacher of the faihire or success of his 
methods of teaching. The importance of this experi- 
ence to the teacher cannot be exaggtiratcd. Where 
I exbemal examiners act they necessarily give most 

«(gre reports a« to the performance of the examinees; 
ject," "pass," "honours," arc the actual words which 
vey all the information vouchsafed to the teacher. 
At the University of London no proper reports od 
thts pcrformancea of unsuccessful candidates are ever 
given, and no use is made of the examination for the 
purpose of correcting the teaching in the different 
plains of study which supply candiihites. The reaaon 
for not giving such rcjMjrts is adequate and is coudcm- 
uator^' of the whole system. It is this : There are so 
many candidates that it would be im^iossible to furnish 
m fall report of each candidate's work to his teacher.' 
LTbc opinion then whic^h 1 hold in regard to ex- | 
bstaomi in the universities is that they are cxoullent 
I useful only on the condition that they are con- 

) tlefcnHtn of the pJcnminAtion ariitein of tbe Univvnut)' of 

c in tliB lulrit ot quoUns the (ntrcmclf iarp! numhqn of 

lies M eviilciica of the Mieoeaa t>r thn iini\'usily. On the 

1, it wemn Ibat mJly tboM \u^ iiiinilwn ana uue of ilie 

t nbjwtioiia Id the 171(011 paimnl — «inc« il i* itnpmmMf to 

mifonuily of Jiulgnuutl with inunt Uion one huoilml 

o give ]>n>pnr timo and oth-ntiou to the prvponUlou of 

p vrhicb tnaV Mtrro a* ffu4** 
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ducted by the teacher, and that they are not comjieti- 
tive and have no honour or distinction assigned w 
them, but are used simply as pass-testii for admission 
to the degree. The teachers in every uuivcreity 
ought, I venture to think, to he profesaor-examinera, 
and the student should be admitted to his degree 
whenever he has obtained the certifieatu of having 
passed the claas examination of three of such profeeaocfi. 
It is not impossible that at Bome future time the 
college-lecturers of Oxford and Ciimbridge will 1« 
grouped with the university professors, each repre- 
senting a special subject or branch of a subject, aud 
such an organisation as that required to make the 
teaching and examining in these univursitics profes- 
sorial may be brought about. That time, liowuvcir, is 
undoubtedly remote. In Loudon there is purhapB a 
better chance of the establishment of a professorial 
university : it is a chance depending on the report of 
a Royal Commission now sitting. There is no reason 
why there should not be more than one University in 
London, it is big enough to occupy several. 

II. With reference to examinations qualifying for 
admission to a profession, there can, it ecems to me, 
be no question as to their necessity and their hann- 
Icasnesp, if coudueted with certain restrictions. Such 
examinations ought to be administered by some high 
authority representing either the profession or the 
State. The examination should be a single qualify- 
ing examination in that knciwludge necessary for 
the practice of the pi-ofcssion. 'ITicre should be 
no attempt to control the steps of thu cilucation 
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icandidates ; the (Examination sliould he in the 
mum of necessary subjects, and the standard of 
ing should be the lowest compatible with tlie 
guarding of the public. No competition for 
vun or distinction of any kind should be associated 
1 such examination. The education of candidates 
i« professions — the church, the law, medicine, the 
—is and should be undertaken by bodies inde- 
Ident of the profftsaion. The university degree, or 
i Fellowship of a College of Surgeons or Physicians 
should 1)0 altogether independent of and an addition 
t-o the possession of the Stat* or professional diploma. 
III. The question in regard to examinations, 
whieb undoubtedly Iiaa the greatest interest for the 
geaeral public, is that as to the desirability of con- 
tiuuing (o employ them for the purpose of selecting 
lointees in the Home and Indian Civil Service. I 
t admit that, strongly opposed as I am to com- 
tivc examination in the universities, I do not see 
f to avoid it in this matter, 1 believe tiiat a great 
1 was conferred on the people of this amntry when 
nment appointments were thrown open to them 
tiia way, and 1 should rather see further progress 
phis direction, so as to include more valuable 
», than a retrograde movement. The whole 
ttion hero seems to me to limit itaelf to this : 
few to improve the Civil Service Commissioners' 
uoatious so that ability and qualities of the kind 
for any given post may bo aelcctcil as the 
pt of thoHC examinations." I have no doubt that 
III niii'iii III- diinp in the w«v of impmvine 
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these examinations. In some cases it is easy to adapt 
the examination to the work required of the future 
Civil servant, and then if the examination be long 
and thorough I do not see what better system of 
selection can be invented. Thus, for instance, in 
selecting from among the gentlemen who apply to be 
appointed to vacancies on the staflF of the British 
Museum, it is easy to apply an examination which is 
directed to the subject with which the future curator 
will be occupied. This method has been adopted not 
so long since, and its results seem to be satisfactory. 
It would be possible to adopt a similar style of ex- 
amination in regard to other offices, and even the 
candidates for Treasury clerkships might be examined 
in such a way as to test, not their preparation, but 
their general intelligence and mental agility. Prob- 
ably the effort which has been made to throw the 
Indian and other Civil Sei-vice appointments into the 
hands of the upper classes by favouring in the exam- 
ination the subjects taught at the public schools, is 
chiefly to blame for the apparent absurdity of the 
examination system as a test of a man's fitness to act 
as au Indian magistrate or an inspector of primary 
schools. The examinations might be adapted — no 
doubt at the expense of some trouble and ingenuity — 
to the special requirements of each kind of appoint- 
ment. 

IV. Space does not remain for me to discuss, as I 
should like to do, the subject of competitive examina- 
tion for scholarships and for fellowships. Here the 
competition falls within the school and university 
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jicnlani, and in accordingly objectionable. The 

■petition for university entrance scholarships 

mgst the large schools, and the glorification of the 

K>1 with the longest list of successes of this kind, 

1. School education becomes, in tonseiiuence, 

ad more confined to those subjects whit-h lend 

wives readily to examtnatiou competition, Bovs 

I specialised in their studies too soon, and the 

rpr lK)ys who have a chance of scholarships are 

.ught, wliilat the stupid boys, who need muru 

ng, are neglected. Besides this, thi* awarding 

! s(rholarships to rich and poor alike bv open 

npetition simply iucreasett the average expenditure 

|thc university undergraduate by £80 a year. 

J whose parents can pay for the best c<»ai;hing, 

s to say, are richest, carry off these jtrizi-s fruni 

r competitors, and what shouhl bo (and in 

i is) the means of supporting a youth at 

;e, becomes simply so mu(--h extra pocket-money. 

bold award tliese scholarships, after cftreful inquiry, 

iioso who wei-e really unable to exist at the uni- 

r without tliem. A special organisation would 

■quired for their aJmiuistration, designed so as tn 

jobbery and nepotism. The college which 

B the scholarship might require a legally certi- 

I statement of poverty from each candidate, and a 

sd competition by examination, not iti s]>ecial 

cts, but iu a wider range than is at {>re»«nt 

, might then be applied. The stigma of poverty 

attaching to the "scholar" would do no harm, 

[00<L There in too little povertj' aud too much 
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luxury among Oxford and Cambridge undergraduates 
at present. 

With regard to fellowships — the plan which has 
been adopted within the last ten years both by 
Oxford and Cambridge colleges with reference to the 
award of fellowships for distinction in natural science 
might well, I think, be adopted in regard to fellow- 
ships in all subjects of study. Candidates for the 
fellowships are requested to send, in support of their 
application, copies of any original works which they 
may have published There is no general examina- 
tion, but a few questions may be set to each candi- 
date with special reference to the matter of his 
original work. The work done by a candidate at his 
leisure, and not the gymnastic performance in an 
examination room, thus decides the competition. 
Fellowships have been awarded in this way at Trinity, 
St. John's, Christ's, and Clare Colleges at Cambridge, 
and at Lincoln, University, and New Colleges at 
Oxford. 
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THE SCIENTIFIC RESULTS OF THE 

NTERNATIONAL FISHERIES EXHIBITION, 

LONDON, 1883 

1 text which has been selected for the Paper which 
Fltave the honour to submit on the present occasion 
has caused me no little perplexity on account of its 
ambiguity. 

kit bas been pointed out to me that it is unwise to 
jheay unless you know, and that no one at present 
kuow what may be the results, scientific or other- 
!, of the great Exhibition, which has still some 
itbs of ita career to run. 

Again, it is apparent that the word "scientific" 
I hha a very wide scope, including statistical, mcchani- 
^^^ bydrographical, biological and sociological results, 
^^HdT which arc in nomc way or other to be observed 
^^BB studied in the great lutenuitioual Fisheries Exhi- 
bitiotL 

kThe comprelieuflive vagueness of the title of my 
oune haa, oq the other hand, the mlvantoge that 
lennits mc to choose from a very wide range of 
rabjects, and I have act^ordingly to submit to yon tin- 
following as a mortt exact definition of the matter to 
I I desire to call your attention. I propose, not 
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to speak so much of scientific results which may flow 
from the Exhibition, as of scicutific results which are 
illustrated in the Exhibition, and in particular of tl»»e 
results of the science of Zoology which are of import- 
ance to the Fish Industry, and are more or Icsa com- 
pletely set forth for oui- instruction and edi6cation in 
the collections which have been brought together in 
the London International Fisheries Exhibition. 

It would have been a congenial task to mc lo 
describe here some of the rare specimens of great 
interest to the zoologist, which have been sent by 
foreign countries to this exiiibition. Such specimens as 
Nordenskj old's Rhytina and the magnificent skeletoiw 
of Xiphioid Whales shown in the Swedish Court are of 
surpassing interest and importance from the zoological 
point of view. At the same time it must be admitted 
that they do not have any special importjince in rela- 
tion to Fisheries, and accordingly I must leave lui- 
uoticed such rarities nnd delights of the zoologist, in 
order t« address myself more especially to the quca- 
tion of the relationship of the scienct; of zoology to 
the fish industry. 

The value of zoological science in relation Ui 
fisheries is not, I thinli, so fully appreciated in this 
country as is desirable in the interests of the public, 
and of those who nwko profit by enterprise in 
fisheries. 

There is a very general tendency among men 
whose occupations are of a conmiercial character to 
undervalue the work of scientific inquiry, not only io 
regard to such niattenj aa fisheries and fish-cultore, 
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bnt also Ju relation to manufactimng industries, agri- 
culture, miniiig, and even in relation to medicine. 
To a Urge extent this arises from a misconception as 
to the real nature and character of what is called 
"science." Science is the knowledge of causes; ita 
method and purpose when strictly pursued lead to I 
the aceuumlation and arraugement of thorough and 
accurate knowledge of any given subject to which it I 
may be api>Ued, with a certainty and an abundance 
^^Mich no other method and no other purpose can give, 
^^pidoubtedly the latest scieutihc knowledge of a sub- 
^^pjt is very usually not immediately useful to those J 
who are engaged in applying commercial enterprise 
te the same subject. It is however to be noted, over I 

IB over again, that the scientific discovery of one 
peration becomes the necessary foundation of some I 
bablu commercial enterprise in the next : what was 
■nc time a cariosity and of little interest, save to 
■ of science, becomes after fifty years the pivot of 
Be great industrial manufacture. 
^Accordingly commercial men, and those who place 
e mat«rial well-being of this country beyond all 
things as an object to be continually striven for, 
^^fctmld have patience in the presence of what seem 
^^Hie the useless accumuIatioDs of knowledge ; they 
^Hpnld have faith in the ultimate utility of science, 
ftr already throughout the length and breadth of the 
this cause-reaching knowledge, which we call 
' has proved its enormous power of aiding 
Eoerce, and has amply estubll'^hed its claim i 
I toleration but to eager and gencroiuJj 
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from those who are reaping golden harveata throngh 
the science of a past generation. 

AVhen we remember that science is really no more 
nor lesB than such accurate and full knowledge of thin 
or that class of natural things a3 enables U8 actually 
to understand " the causes of things," then it become* 
obvious that the distinction which is sometimes drawn 
between the "scientific" man and the "practical" 
man is founded upon some kind of crrnr. If there is 
the antithesis which fashion causes many persona to 
assert as existing, let ua aoe what becomes of it when 
we Bay, as we are justified in saying, that the scientific 
man is the man who knows thoroughly and accurately. 
The contrast insisted on between the acientific and 
practical man becomes, then, simply the contrast 
between the man who knows and the man who does 
not know, but acts in ignuraucc. 

As a matter of fact there is no such antitheaia- 
Your man of science is, or should be from the nature 
of his pursuits, more thoroughly practical than any 
one who afl'cets to despise scientific knowledge, for he 
is accustomed to ensure success in his experiments 
and investigations by taking every means in his 
power tt) that end ; above all, and chieiiy, by guiding 
himself by reasonings based on the most accurate 
and extensive knowledge. So too, indeed, e^-eiy 
so-called practical man who ia not a mere adventnrer 
— a happy-go-lucky tempter of Fortune — makes 
use of accurate knowledge to aid him in his com- 
mercial ventures and speculations; so far a« he con 
get it, he makes use of science, thoagh he often coUb 
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kv SAitns- otbfcr name an soou as it becomes useful 
pwledge. 

B fact is, that a large part of the indifference to 

3 in this country, and the notion thut science is 

my, vague, untrustworthy and useless to practical 

lias arisen from the fact that tliese worthy 

1 men have very often allowed tbemselveft to 

npoaed upon by mere qua^iks and pretenders, who 

me the langui^e and authority of science without 

credentials whatever, and lead the practical men 

ray. Such quackery in science has been by no 

i unusual in this countr\', owing to the almost 

s destitution of the wealthy classes in respect 

ientific education. Practical men have, as a rule, 

■ GVCQ a smattering of scientific training, and cannot 

inguiab true from false science, cannot tell which 

: ijuack and which the man of real knowledge. 

inliy unfortunate in this respect, in former times, 

s lieen the members of the executive and delibera- 

B bnmches of our successive governments, so that — 

lays which we may hope are past — ignorant pre- 

iders to scientific knowledge have been, in giMxI 

h, placed iu responsible positions, and have helped 

istify the notion that modern science is a wind- 

fc of theories, and of little use to the {irHCtical man. 

■Such causes — namely, a geuend mistrust of ao-called 

Uce, and to a small extent a painful experience in 

Bciol connection with fisheries, of tlie results of 

iBg confidence in '|Uiu:ks who have falsely pretended 

iantific knt»wledge — seem to mc to be nccoimtable 

rliJii ill thi' British Ulands, neither publicly 
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nor privately, has there Ijeen any attempt tu nuikc 
use of the services of scientific meii in relation tn our 
fieheries. The recent appointment of the distingiiished 
naturalist wlio is at present Inspector of Salmon 
Fialieries,' is evidence of a new disposition to seek the 
aid of the highest authorities in science in (jouucetioo 
with this subject; but it must be remembered that 
salmon fisheries form but a very small part of Britdsfa 
fisheries in their entirety, and that a large staff of ei- 
perienced naturalists would be required to deal satis- 
factorily, within a reasonable time, with the many 
important problems presented by the Britiah Sea 
Fisheries. 

The Governments of some foreign States, notably 
of France, but also on a smaller scale of Norway and 
Sweden, Holland, Prussia, Saxony, and in a special, 
and in many respects very noteworthy, manner, thai 
of the United States of America, have eoneemcd them- 
selves to obtain the aid of zoologists in developing and 
managing the resources of the fish industries of their 
respective territories. The results of the application 
of accurate knowledge concerning fishes, and such 
shell-fish as oysters, mussels, pearl- mussels, lobsters 
and cray-fishes, have lieon in some cases strikingly 
successful ; in other cases time has yet to show what 
advantages may result from the attempts which have 
been made. In all these countries, however, one very 
distinct result of the appreciation of tlie possible valao 
of scientific knowledge of fishes and aheil-fiah by the 

* ProfceMiT Huxley who, hoi 
mesl by a Kicntillc man. 
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Ate authorities has been this, namely, that zoologist 

occupying themselves indepeiidently, and wit 

Bcreasing earnestness, with the investigation of t 

tat relates to the life anil growth, tho food and tin 

Bemics, of the mjirine and freshwater oi'gamsms whid 

fona the material basis of fisheries. 

Itt the present Exhibitiou, accordingly, we see not 
f these Bcientilic results exhibited in the court 
. to foreign exhibitors ; whilst, on the othe^ 
ind, in the British department there is very litt 
jrhich comes under the head of zoological science i 
, that is to say, which illustrates the results of extu 
ioqniry into the natural history of the fishes and otlifl 
■simals which are such an immense source of wealtl 
Rid imlnntry to our seafaring ])opuktion. 

Before proceeding to enumerate and describe thei 
linentific collections, 1 should wish briefly Ut explain" 

what ways it seems probable that the accurate 
nowtcdge with reganl to Bahes which is now beic 
KUDulated by zoologists may hereafter be useful id 
lio regulation and managemeut of fisheries. 

In any given area of land or water, under natu 

editions, where animals can obtain nonrishmenn 

jbere is found living (taking one year with anothevi 

ily OS much animal lite as cau tiiere nourish 

duce itself. Practically the whole of the eai'th\| 
rfBce and of the sea is fully taken up by plants o 
Many thousands more of most kinds i 
nmiUy bum than van possibly survive to maturity 
Sie number of each kind of animal in mttural condi 
ions does not increase ; but there is a strict balouol 
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maintained, so that, with local exceptions here and 
there, those that survive to maturity in the struggle 
for existence merely replace those which have gone 
before. Many thousands of young perish, serving as 
nourishment for other lower and higher organisms, 
wliilst the total number of mature organisms remains 
the same. 

Take as an example the microcosm constituted by 
a pond in which carp are cultivated, as in Germany, 
where these fish are valued as food.^ Such a pond is 
allowed to remain dry every fourth year, when it is 
cleansed and puddled. Water is then allowed to run 
in, and a given number of one-year-old carp are placed 
in it. After three years these are taken out and sold 
as food. In one such pond 30,000 young carp have 
been observed constantly to yield at the end of three 
yeiirs 20,000 kilogrammes of marketable carp ; when 
more than 30,000 young carp have been placed in the 
pond, no gnniter yield has resulted, 20,000 kilos, 
weight of c;up-flesh is the result of that pond's activity 
aftor tluve yeai-s. The fooil of the carp consists of 
dolioato voiTotaWe ixrowths, of insects, and other minute 
aquatio animals. These hatch from eggs and spores 
iuti\HUut\l >Yith the water into the pond, and the pond 
will onlv o;irrv such :ui amount of this tVxxl as will in 
tliriH* seasons pnxUuv 20,000 kilosw of oarjvflesh. It 
is further found necesc^iry to keep with these carp in 
the same jxnid a few pike, which pn:\v u{vn the carp 
to a certain extour. The cariM:*ul:unsrs know how 
m;uiv luko to iurrvxiuce. A few iu*c betiedciailv in 
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■Dying the smaller ami more aickly individuals of 

6 carp-atock, and so prevent valuable vegetable and 

(cct-food from being consumed by individuals who 

lold either not survive for the three years, or would 

*)w no growth proi)ortionjite to their consumption of 

Del. On the other hoiiil, too large a number of pike 

tild reduce the total weight of carp, and leave much 

of the minute food in the pond unconsumed, whilst a 

large portion of it would have been converted into 

j-flesh insteuJ of remaining as carp. 

In the limited area of the carp-pond there are a 

t nmnber of processes going on, which contribute 

e ultimate production of the 20,000 kilos, of carp- 

The minute vcgetible organisms are continually 

ing ou the carlionic acid absorbed by the water 

I the atmosphere, aud ou the nitrogen partly cx- 

og originally as nitrates and ammonia therein, 

rtly returned to the water by the excretion and 

my of lis animal inhabitants. Minute wonns and 

i are feeding on these plants, aud other larger 

I are feeding on these ; finally, the eaqi nourish 

jIves on all these living things, and are to some 

. preyed upon by the pike. Definite physical 

Utious, such as the presence or absence of a stream 

B pond, the extreme heat and cold of summer and 

!r, and the presence of saline constituents in the 

, dotermintt the excess or the absence of oob or 

Jier of the lower forms. If only one of these con- 

rns be varied, the whole balance may be upset. 

s growth of some minute plant, such as 

iOflcillatoria, favoured by licat or by tlic dcstru'-tio.. 
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of some other oi^auism, may lead to tbe deatnictioD 
of the proper food of the carp, and the yield uf the 
pond may be endangered. The whole of these circum- 
stances can, in the case of the carp-pond, be studied 
and controlled. 

If we now pass to the consideration of any giveu 
area of the sea-bottom, we find that, though the area 
is not definitely limited, the some interaction of thu 
various organisms inhabiting it holds good. One 
form b preying upon another, and determining by its 
presence the numbers and the interaction of all the 
others. Physical conditions which aflect one form, 
may in the same way, as in the carp-pond, ufiect the 
prosperity and abundance of another form. Currents, 
varying seasons, and such-like conditions, must obvi- 
ously produce their effect. But still more infiuentia! 
must be the operations of man in removing a large 
number of edible fish from such an area. It is a mis- 
take to suppose that the whole ocean is practically 
one vast storehouse, and that the place of the fish 
removed on a particular fiahing-ground ia immediately 
taken by some of the grand total of fish, which are so 
numerous in comparison with man's depredations a» 
to make his operations in this i-espect iusiguiiicauL 
Even were it proved that there is thifl sort of oosmo- 
l)olitan solidarity about such fish as the Cod, which 
live in deep water, there is, on the contrary, evidence 
that shoal fish, like Herrings, Mackerel, and Pilchurd, 
and ground-fish, such as Soles and other fiat-fishee, 
are really localised. If tnan removes a huge propor- 
tiuu of these fish from the arcaa which they I 
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the natural bulaucc is upset, and chiefly in so for 
the production of young fiaU is concerned. It 

several thousand young are produced by eai 
of fish left in tho bn>edjng area, and it might 
ed that since, in the abaence of man, only v 
It of the many thousand bom of each pair of 
le to maturity and breed again in their turn, thi 
ly result of man's depredations (in addition to tl 
predatioDs of other enemies) is to make way ft 
ire of tlie young, and to enable more than two oj 
many thousands bora of caeh pair in a preceding 
ler&tion to survive and breed in their turn. Thia 
lent ia at once seen to l)e fallacious when we 
letober that the thousanda of apparently superflu- 
ous young produced by fishes are not really superfluous, 
but have a perfectly definite place in the complex 
iteraction of the living beings within their area, 
leso very young fish serve as food to other forma, 
rhicb in their turn are fed npon by others, and arc so 
interwoven with the necessities and conditions of life 
of other inhabitants of the area, that to remove, say 
lething like a fifth or even a tenth of them by 
io\Tng the parent fish, must cause a serious dis- 
-bance in the ^ntal balance of that area. Whea, 
fishennan removes a large proportion of sol* 

a given area, and so reducea the number 
Dg soles born in the same season in that area, 

not simultaueously destroy the natural enenu< 
the young soles : eon»e<juentJy very nearly 
10 number of young soles arc destroyed by bw 
itural enemies as were so destroyed before man inl 
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feretl, altliough very maoy less young soles are pro- 
duced- It is thus quite clear that therB in in reality 
no reserve stock of young to take the place of thu 
adults removed by tlie special interference of man. 
The inereasing scarcity of the sole is a serious fact, 
and is thus to be explained. 

From this point of view it i« cli-arly important, if 
we wish to keep up the number of food-fishes in an 
area which is fished by man, or to increase that 
number, that we should (1) either know what are the 
natural enemies of the food-fish in question at various 
stages of its growth, and seek to destroy those cuemJe* 
in proportion as we remove the adult fish; (2) or, 
again, that we should isolate and prutect the young 
fish from these natural enemies for a part of their 
lives ; (3) or, lastly, that we should, in proportion as 
we remove breeding fish from the area, artificially 
introduce into that area eggs, or young fish hatched 
under suptTvision, so as to supply the deficit created 
by the fishery of egg-producing adults. 

Any of these operations requires very considerable 
iuid most accurate zoological knowledge, and it would 
be madness to attempt to carry any of them out by 
proceeding upon hasty guesses or suppositious as to 
the habits and life-history of the animals concerned. 

There is also no doubt that certain modus of fiah- 
ing and seasons of fishing may be more destructive, 
more disturbing to th*; balance of life in a given area, 
than other modes and othor seasons of fiflbiog. The 
food of the fish which are valued may be destroyed 
by some of man's operationa, their enemies may be 
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rittingly encouraged by others. Legislation idj 
ctinaally demaoded, and has been from time 
Die carriwl out, in reference to such matters as model 

t scusons of fishing and pollution of waters. But] 
1 18 undeniably true that, in most eases, the occurat* 
nowledge as to the life-hiatory and circumstances oA 
hen is too small to justify legislative interferenceiJ 
I doubt zoologists Lave suggested some valualtlaT 
rictions which have been adopt<?d by the Legi 
i in r^ard to some fisheries, and it is to Linnieus, ' 
i great Swetlish zoologist of the last i:enturj', that 
jiredea owes important fishery laws. But if we are , 
1 liaTC effective legislation at the present day 

I to our sea fisheries — we must, before proceed-^ 
; any farther, have more knoidedge. Those (and 
lere are many) who earnestly desire additional rcatrio- 
[re Fishery Laws should do their utmost to enable 
t« carry on researches which will provide^ 
I accurate knowledge of fishes and shell-fish, theifl 
1-reproduction and conditions of life— wliich must htU 
ined before legislation can reasonably be proposed.! 
The only mode of deciding between the confiicfr'! 
ing opinions which have «o often bcin exprcRsodl 
iring this Congress, as to the necessity of this i 
lat legislative enactment, is by bringing new know-J 

B to bear apon tht( questions at issue. That i 

nowledge in nothing more nor less than a part i 

nlogical Science, and can only be obtained thronghj 

I exertiond of those who are already acquaint* 

Ith the actual condition nf that science, and with iti 

da of minute and thorough investigatiou. 
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It is apparent, then, that the results of zoological 
science, as they may possibly affect fiKheries, must 
even at the present moment he very considerable. 
Wg may classify them as follows: — 

I. The discrimination and ckflsification of the 
different kinds of plants and animals, including tlie 
fishes themselves which inhabit the various fresh and 
sea waters where fisheries are carried on. This is 
what is known as the study of Systematio Zoology, 
and of the fauna and flora of districts. 

II. The knowledge of tho suecesaivc phases uf 
development or growth from the egg, and of the 
internal anatomy and mechanism of life of the chief 
forms of such animals and plants. Tlu» coustitutts 
what is known as General Morphology and Physi- 
ology. 

III. A specially detailed knowledge of the life- 
history of those species of fishes, molluscs, and Crust- 
acea, which are valuable to man and are the subject 
of fisheries ; a knowledge of their migi-ations, suscepti- 
bility to external influences, of their food and its 
history in detail; of their enemies, in tho shape of 
other fishes, birds, whales, seals, and insects, etc.. 
which pi-ey upon them and their young ; a knowledge 
of their paraj^ites, injurious or harmless, and of their 
diseases. Such knowledge may be termed the Specul 
Biology of Economic Fishes. 

rV. A knowledge of those particular feature* lo 
the life-history of an economic fish or mollusc, wliioh 
directly concern the work of the fisherman or the fish 
culturist; a knowledge of the effects produced by 
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rticular fishing operations, aa shown by statisticsj 
' of the effects prcKlucud by particular methotls ofl 
Tation and cxilture : further, a special knowJ 
dge of those parts or qualities in economic fishes ora 
loUaacft which are of commercial value, and a know- 
a of methods of improving or securing ihose ]>arts 
r qualities. This group of topics constitutes what 
ay be called Pisciculture. 

Coming under the first head — of Syatematid 
wlogy — there are some valuable collections in thi 

teiit Exhibition, but on account of the large s 
hich they would occupy were they complete, sue] 
Ucudons are, on the whole, rather samples of largf 
Jlectioiis than attempts at complete illuatratioa ( 
I maiine or fi^sh-water inhabitants of a districtj 
BlUi, Dr. Dohm of Naples haA sent a scries of abouti 
bo Iwttles containing specimens in a marvelJouw 
mte of preservation, accurately named, of the fishea,! 
iBtarea, molluscs, annelids, star-fishes, corals and 
^y-fuh of the Bay of Naples. Mr. Oscar Dicks* 
B also a very beautiful collection of named speeiJ 
( from the Gothenburg Museum, illustrating tb«^ 
I of the neighbouring sea. Professor Lilljeboi^ 
liibita in the Swedish department a very largi 
nentifically named collection of the Crustacea which 
I the food of many fishes in the great ire.sh-wat€ 
I of Northeni Europe. He has especially occa-J 
[ himself with the study of these organisms, and 
I discovered many new 8[>ecica ; it is worthy i 
mark Unit English naturalistic only two years s 
■ame nlivc to the fact that the »une fresh-wate 
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Crustacea exist in the English and Scotch hikes, h 
is quite possible that a proper knowledge of these 
Crustacea may at some future day bo of value in 
attempts to cultivate fish in British lakes. Marine 
birds and mammals are exliibited in various parts of 
the Exhibition. Dr. Francis Day exhibits his great 
collection of Indian Fiahes — preserved in spirits, and 
accompanied by the coloured plates of his great book 
on Indian Ichthyology : he also cxhibitii a rollection 
of British fishes carefully preserved and uamed. The 
American department is remarkable for the carefully 
coloured series of ciLsts, representing different species 
of the American food-fishes, and for tiamples of tlie 
animals of lower classes obtained from considerable 
depths off the American coast Complete coUectioa* 
of tbe edible crustacea and mollusca of the United 
States, and of the comniiercial sponges of the coast of 
Florida, are also exhibited. 

Under the second head — viz. General Moq>hology 
and Physiology — there is very little to be iiot«d in 
the Exhibition. In fact, when we have mentioned 
the series exhibiting the growth of the salmon from 
the egg onwards, exhibited by Professor M'lntosh of 
St. Andrews, and the series of tlat tisheH of vsrions 
ages in Mr. Oscar Dickson's collection — there is notliiiig 
except the valuable drawinga of the anatomy of the 
oyster, and of its development frnni tlie egg, ei- 
hibited by the Netherlands Society of Zoolugiats. 
Under tlie auspices of this Society, which poasesses n 
movable house fitted as a zoological laboratory, which 
can be erected for temporary use on any i>urt of tht 
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latch coast — two Dutch DaturalistH, Dr. Hoek and 

'. Hont, have within the past two years made some 

1 studies of the oyster which have very greatly 

I to our knowledge of tliat important mollusc, 

may eventually be of service to the oyster- 

The results obtained l>y these observers 

B shown by Inrge coloured drawings exhibited in the 

iierUuds department. 

Some results of zoological science coming under 
the third head, viz. Bpecial Biology of Economic 
Fishes, ore to be found scattered here and there in the 
Exliibition. Collections of insects injurious to fresh- 
water fish or to their eggs and young, are exhibited 
^^m the Swedish Court, also, in a small way, in the 
^^■puiican Court. A few parasites of fishes are ex- 
^^Bit«d by Dr. Cobbold, in the Kasteru Arcade, and a 
remarkable series of the cniatacean parasites, or fish- 
Uoe, of the fishes of Trieste is shown by Dr. Antonio 
Valli iu the Austro-Hungarian section. Fish disejises 
are represented by stufied specimens of salmon, with 
I wool attached, indicating the position of the 
of Saprolegnia which cause the malady 
8 the 'salmon-disease.' 
I The fourth section into which we have divided 
t reimlta of zoological science, us seen in the Kxhi- 
Kon — namely, that of the various developments of 
Piscicuhore — is richly represented by the exhibits of 
English oyster- cnlturists and salmon iarmers ; bat 
in the most interesting woy in the American depart- 
mtml, where the devices made use of for hatching 
of Bca-fi.'^h arc shown. I need hardly say 
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that the artificial hatching of the eggs of sea-fish U « 
novelty, and distinctly a result of the appUcatiou of 
scientific knowledge. Since the culture of marine ani! 
of fresh-water fishes has formed the subjects of special 
papers at this Congress, I will not venture to say 
anything further about it here beyond crlaiming it as a 
scicntifie result. 

There appears to be no exhibit in the btiildiug 
relating to the Pearl fisheries, either marine or fresh- 
water; in relation to these we should anticipate that 
the application of scientific knowledge might yield I 
some very definite results (in the way of pcari- | 
production). 1 

Sponge fisheries are reyiresented by collections of 
sponges from Florida, from the Bahamas, and from tho 
Greek Islands. In the collection from Florida ia a 
specimen having a considerable scientific interest 
It represents an attempt at sponge -culture. SoDlti 
years since in the Adriatic — under the Aoatnan 
Government — Professor Oscar Schmidt made some 
experiments on the propagation of sponges by cot- 
tings. It was found possible to cut a live sponge 
into pieces, and aifix these pieces eaeh to a separate 
slate by thread, when each piece would attach itself 
to its slate and continue to grow. In this way 
sponges can be transported from one area to anotliur 
— but the total weight of sponge is not increased, for 
the pieces of the diviiled sponge only produce the 
same amount of new spotigo aa they would have done 
had they never been separated from one another. 

It appears that 8ponge>cutting is beiog attempted I 
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the Florida coast, and in the American Court are 
sticks vHth sponge-cuttings growing upon them, 
ich have been artificially placed there. I am not 
re OS to whether any valuable result has been 
lined by thus cutting the sponges; but it is 
luiu that they might be thiis introduced into 
Wtificial basins, and grown there, were the general 
eondilions in such basins favourable. 

Coral fishery is represented by an exhibit ii-om 
Taples, and by three pieces of valuable red coral 
Japan which have been purchased for com- 
mercial purposes at a high price. The emiucDt 
French zoologist, Lat-aze Duthiers, under the direc- 
tion of the Frendi Government, made a very thorough 
of red coral, and obtained scientific results of 
importance, fitted to assist the coral fishermen 
regulation of their fisheries and the culture of 
but tliese results are not in any way illus- 
iu the present Exhibition, 
the whole, it appears when one attempts to 
ite the results of zoological science in relation 
fisheries — illustrated in the present Exhibition — 
there are but few results which are so illustrated 
not nearly so many a.-* one might have ex- 
But, on reflection, it will uptR>ar that it is 
It to show, in the form of a tangible exhibit, 
\.y of tliese results. Tliey are for the most part to 
in books, anil in the memoirs and illustrative 
swings published by scientific soeietica. Mienwcopic 
., showing ever)' detail of the growth from 
■ the oyster, the muasel, the lobster, the 
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sole, the cod, and salmon, are hardly to bo looked for. 
Really complete zoological coIlectionB would be too 
cumbrous for transport and exposure in such an Ex- 
hibition. But above all it is true that many of the 
most important sci<?ntific concluaions affecting the 
interests of fisheries are not capable of exhibitioii. 
The instruments with which the investigations arc 
made, and in some cases the animals which have been 
the subject of investigation, may be exhibited, bat 
the scientific result can often only be '* exhibit«d " in 
80 far as it affects the procedure of fish-catchers, fish- 
breeders, or fish-culturists. 

1 think that it has been made very apparent, not 
only by the class of objects exhibited by foreign con- 
tributors to this Exhibition, but also by the original 
papers and the discussions which thn Conferences con- 
nected with the Exhibition have produced, that there 
is nothing which is so much needed in connection 
with all kinds of fisheries, river or sea, shell-fish, tme 
fish, coral or sponge — as more knowledge, more 
science — in fact, more zoology; and not only that, 
but that there is nothing which is more desired and 
recognised as needful by all those who are best in- 
formed in their own particukr branches of fisher}'. 

Improved machines for catching fish, new IcgiiiLi- 
tive restrictions, State aid to fisher-folk — all such 
desiderata are, I believe, admitted to l>e less urgently 
needed, leas likely to prevent our various fisheries 
from deteriorating f)r disappearing altogether, than 
the one desideratum — more accurate knowledge. 

It is admitted on all sides that many British 
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iheries are suffering, or are in a precarious state — 
Kothers are actually deatroyefl. It ia also atlmittcd 
lat our only cliance of bettering this state of tilings 
B an increase of scientific or accurate knowledge. 

If this is the case, there will be one grand Bcientific 
»ult of the International Fisheries Exhibition, and 
lat will be au increased attention to, and adequate 
rovision for, the carrying on of zoological studies in 
elntioD to Bahery-animals. 

J can picture to myself the shape which this 
uientific result might take, and I should be very glad 
s it to commend itself to the many inHupntiul men 
DDCcted witli Bsberies who have organised this 
iiibition, and will have tbe direction of its final 
»me. 

If it is demanded that more accurate knowledge 
I fiBhory-animals sliall be provided for the pubUe use, 
len arrangements must be made to enable skilled 
lologists to carry on the inA'estigations required. 
> make such investigations, continuous residence for 
B or months at a time, by tlie sea-shore, is neces- 
In France, Ilolland, Italy and the United 
sea-side laboratories have been constructed, 
hicb are provided with working-tables, glass appar- 
, aquariums, etK., and a, staff of attendants and 
iiermen — t^i whii'h naturalists can resort who desire 
I carry on investigations upon the life-history of 
organisms. Very valuable researches have 
I made through the agency of these institutions, 
1 tlicre can bu no question as to the facilities which 
fffiprd, and the inducement which their cxist^-uco 
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offers, to naturalists for occupying themselves with 
these particular studies. 

By offering free accommodation in such a labora- 
tory to competent investigators you may obtain a 
large amount of valuable results at a minimum of 
expenditure. In any such laboratory there would 
probably be one or two permanent officials who would 
be competent zoologists, charged with special subjects 
of investigation and receiving salaries — ^but in addition 
to these, the laboratory would throw open its resources 
to voluntary workers (as do the foreign laboratories of 
which I have spoken), and thus the working power and 
the general interest of the scientific world in these 
institutions and their work would be enormously 
increased. 

I can imagine a National Fisheries Society or 
Association, such as may come into existence in con- 
nection with this Exhibition, building such a laboratory 
for the study of marine zoolog}- in relation to fisheries, 
somewhere on the coast not too distant from London. 
Sueh a laboratory would stand near the shore, possess 
itvS own jetty and small harbour, with steam-launch 
for driMlging and trawling, and other boat^. Adjacent 
to it would be mimne ponds for experiments in the 
oultun^ of ovster?, mussels, and whelks, and of various 
tish. The dinvtor of the laborator\- and his assistant 
would W prv>videil with houses forming part of the 
laK^mtorv building. The basement of the laboratory 
wouKl consist of large well-pavi\l rvv^ms fitted with 
tanks, and an apjvvnitus for the cirvulaiion of sea- 
w^ter, Heiv animals would be kep: iV>r oh^ervation. 
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I Uie produce of a day's dredging or trawUnfj would 
I be sifted and sorted. On the ground-fl<)or and 
t-floor would be spacious rooms, with large windows 
Iffing both north and south lights, aud fitted with 
SbUcs suiti'd to the requirements of the microacopiat. 
Small aquariums and pumping apparatus would also 
be provided in these rooms. Afcommodation for ten 
workers, in addition to the director and his aesistant, 
would thus bi; provided. In another room a complete 
jlogiciU and piscicultural libraxj' would be estab- 
I. and the moans for writing and making drawings 
lid be provided. 

The naturalists permanently and temporarily 
king here would in the course of a few years pro- 
) OB with much-ueeded knowledge. For instance, 
one would study the reproduction of the sole, and 
e means for increasing its numbers lu the market ; 
ier» would ascertain how best to deal with oysters ; 
i would find out the whole history of the mussel. 
Bit by bit a new and thorough knowledge of fisher\'- 
lak would be built up, and come into use aa the 
of new legislative enactments, aud of new 
ihods of capture and cultiu'e. 
Sneh an institution would no doubt be eostly. A 
valuable laboratory' of the kind might be set going 
ftnd carried on for a smaller sum ; but a really credit- 
Mc and efficient lal>orator^- of the kind, with a 6rst- 
mte man of science for its director, would cost £15,000 
or .£20.000 to establish, and »ome X3000 a year to 
nuiiutuiu. 
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appear extravagant to some persons who are not 
aware of what has been done elsewhere. 

The " Zoological Station " of Naples, founded and 
directed by Dr. Anton Dohm, is no less costly and 
efficient an institution than that which I have briefly 
sketched. Elsewhere, at Trieste, at Concameau, at 
Roscoff, at Beaufort in North Carolina, less costly in- 
stitutions have been set going, which are doing most 
valuable work. 

The British coast is entirely destitute of any such 
home of research. No zoologists are employed by the 
Government or other authorities in this country to 
investigate our fishery-animals : those zoologists who 
do carry on such work on the coasts of this country, 
do so at their own expense. There is not even a 
laboratory, a boat or a dredging apparatus, provided 
by any public body to assist them. Naturally enough 
their work has not been hitherto specially directed to 
problems connected with fisheries ; but it is only 
needful to ofler to the many isolated investigators the 
use of a gooil laboratory and a well-considered organi- 
sation, in order to obtain through their co-operation 
the new knowledire whieh is so umentlv needed. 

1 i-auuot but think that it will W a matter for 
pivfound vvngratulatiou to those who have brought 
this Exhibition into existenee, to the Leinslature, to 
men of soieuoe and to those vvncemed in fisheries, 
should we Iv able in future to jx^ini to a ^ National 
l.;dvra:orv of Marine Zvv^Iv^c^**' i^s the Scientific 
Kosul: of the Loiuion ln:er!>:i:: >!..i* F:>benrs Exhibi- 
tion. 
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APPENDIX 



I hoped-for " scientific result of the Fiahcries Ex- 

Ijititm " sketched at the end of the lecture given by 

! in 1883 has become a reality. At the close of 

) Exhibition 1 obtained the signatures of a number 

r Iciwling naturalists and otbera interested in fishery 

joestions to a memorial to the Executive Comicil of 

; Exhibition, asking that a portion of the Rurplus 

eipts of the Exhibition might be devoted to the 

mdation of a laboratory for the production of new 

! with regard to food-fishes. The surplus 

however, applied to other purposes, and the 

1 of starting anch a laboraton,' seemed Hmall, 

)r. GUnthcr of the British Museum suggested 

ft the formation of an association having for it« 

liect the foundation and maintenance of one or 

such lalmratories. Some of the ofticerH and 

icil of the Royal Society warmly supported this 

IgestioD, and kindly gave the use of the rooms of 

I Society ill March 1884 for a meeting at which 

Huxley presided. This meeting was at- 

dod not only by scientific biologists, but by repre* 

BtAtiTCfl of the Fishmrmgera' Company, and by all the 

nbers of the Royal Commission on Trawling, at 

I engaged in inquiries into the fishing iu- 

It waH agnrd to i^.ttaliiisli thn MatuU) 
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Biulogical Association of the United Kingdom, of 
which Professor Huxley became president, and ILR.II. 
the Prince of Wales patron. About 300 membeni 
joined the Association, and subscriptions were invited 
for the purpose of erecting a laboratorj-. After doe 
inquiry Plymotitli Sound was agreed upon aa the 
locality for the first laboratory, and a site was placed 
at the disposal of the Association by the authoritic« 
of the War Office. Donatioas of £500 and upward* 
were received from the Fishmongers' Company 
(£2000), the Clothworkers' Company, the University 
of Oxford, the University of Cajubridge, the British 
Association for the Advancement of Science, Mr. 
Robert Bayly, and Mr. John Bayly of Plymooth. 
Sums varying from £100 to £3U0 were subscribed 
by the Drapers, Mercers, Goldsmiths, and Groceis' 
Companies, by the Corporation of London, and by the 
Eoyal, the Zoological, and the Royal Microscopical 
Societies, as well aa by a numlwr of gentlemen 
intsresteil in the enterprise, either as uatoralists or ob 
philanthropists. Finidly ParliamcDt. on the recom- 
mendation of the Treasnry, voUxl a sum of X3000 
in aid of the building and fitting of the laboTBtory, 
anti a sum of £500 a year for five years towards 
defraying the annual cost of management and re- 
search. The laboratory*, which is represented in the 
vignette?, stnndfi in front of King Charles's Curtiun on 
the Citadel Hill, overlooking Fl>-moath Sound. It 
was completed and opened for work in Jane !888. 
The building and fittings, including aquariums, 
pumps, and stetun-eugincw, have cost about £13,000. 
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It is at present carried on at au umiual expenditure 
of about £V250. Its staff incIiidL-s Mr. Gilbert 
Bonnie, M.A. Oxen., director; Mr. Garetfing, B.A. , 
Oson., assistant; and Mr. Cuiininghain, M.A. Oxon., 
natnralist. It possesses a fine library, a steam launcli, 
a yawl, and a row-boat, and employs a fisherman, 
enfiineer, laboratory servant, and other hands. A 

rnnmber of naturalists have availed themselves | 
J: 




UROKATUBT 



^thc fiicilitiea afforded by the laboratorj-, wB 
btains ample accommodation for fourteen workers, 
1 occupying a private work-table, screened off from 
^hbouriug tables, and fitted with trcnh and salt 
a, gaa, chomiuU reagents, etc The Association 
I published four numbers of a journid contaliiing J 
1 of the work done at Plymouth, as well as the j 
I reports of the Council. The Council meets in [ 
idon once n mouth to superintend the finances of I 
I Association, nud direct in a gcueral way the work ] 



33a 



carried ou at Plymoutk From the foundation of the 
Association I have had the pleasure of acting as its 
honorary secretary, in co-operation with a Council 
consistLDg chiefly of scientific naturalists, who have 
given time and trouble freely for the purpose of 
establishing the Plymouth Laboratory as a national 
institution. Already the Association has been the 
means of adding important facta to our knowledge of 
tiiat most valuable food-fish the common sole — a large 
and richly-illustrated volume by the naturalist speci- 
ally employed for these resoarches — Mr. Cunningham 
— being at this moment in the press. The anchovy, 
the pilchard, the lobster, and the oyster are each 
receiving special attention, which will in due time lead 
to practical results. Besides these, a large number of 
researches ou purely scientific questions, such as tfav 
electric organs of skates, the anatomy of Crustacea. th« 
structure of new and rare minute organisms taken in 
the tow-net or in the pools at low tide, have been 
carried ou by naturalists who have come to Plymouth 
for the purpose of profittug during a mouth or 
two by the facilities offered in the labomtory of the 
Association. 

The task which now lies before those who have 
founded this institntioa is by no means a light one. 
It has to be carried on trnm year to y^a, and fluids 
have to be obtained for this ptirpose. Those who 
may be interested in the pablications of the Associa- 
tioi), or desire further informntioD cooceming it, should 
apply by letter to the Director of the Laboratory, 
Citadel Hill, Plymouth. 
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what unwieldy word standing at the head 
of this page is coined in order to take the place of 
that much-ahused term " longevity," wUioh is often 
made to do duty in a restricted sense, to its detri- 
ment. Longevity simply means " length of life " ; 
and it can serve no good purpose to limit its applica- 
tion to those cases of length of life which are beyond 
the normal jieriod among men : it ia required for 
more general use ; and hence we may, with advantage, 
speak of old people who reach or exceed one hundred 
Tears of age as examples of centouarianism, instead of 
calling them examples of longevity. Every now and 
then, with more frequency and regularity than is pre- 
sented by perhaps any other periodic topic, centou- 
arionism excites the public interest. Another case is 
announced of an individual having exceeded one 
hundred years of age : panigraphs go the round of 
b newspapers, the medical jonmala report ou the 
i Sir George (^omewall Lewis is declai-ed to bo 
d, and the subject drops. It is a little strange 
rat flight, this interest which is manifested in 
ritios of life-duration. The men and womeu , 
■have so far distinguished themselves among their 
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fellow-creatures as to exceed greatly the average 
height, have never attracted so much attention as have 
the long-livers ; and yet it is probably as rare for a 
man to exceed eight feet in height as to live beyond 
the hundredth year, — indeed, we believe much rarer. 
No one asks the details of the life of an eight-foot 
giant — how much pudding he took as a boy in order 
to attain his astounding dimensions — apparently 
because nobody believes that any administration of 
pudding or its correlatives would make a boy, who 
was going to he five foot four, into a man of larger 
size. Possibly, moreover, not very many persons are 
greatly anxious to attain large dimensions. It is not 
so, however, with long-livers : even to-day all classes 
of society take an interest, which is sometimes pro- 
found, in the details of life of a long-liver; they 
would fain imitate the centenarian, and by copying 
liis mode of living inherit his years. Even where 
t here is no intention of pursuing a system of diet and 
manner of life, people seem to like to know how they 
oould, if they chose, lengtlien their years. There is 
a ivlic of the old times, of the search for the elixir 
vitiV, iu this kind of thing : that great enthusiasm of 
past days, whieli served an important part in opening 
for us the door of science, is still alive. Clearly the 
jHH^plo who take more interest in tJie lesson to be 
learned from the diarv of a centenarian than from 
the rejK^rt of a Registmr-Gencnil or a mevlical officer 
of liealth, are vet meiliivval in their views of life and 
death. The roiU tact seems to W that the man who 
exceeds one hundred vears of life has no more to 
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t^each US than the man who exceeds eight feet in 
height : iHjth are monstrosities, unil attain their 
special distinction by no particukr behaviour on their 
part. A certain amount of care will produce its due 
effect on the longevity of any individual ; but there 
if) a set limit beyond which it cannot lie extendetl. 
In some individuals this limit is at a greater distance 
than it is in the most of mankind, and if they escape 

K accidents of disease and violence they live longer 
1 utlier men : tlie coses of these men must be 
ed upon as distinctly abnormal ; they are to be 
'. as freaks of nature, monsters — giants of age ; 
just as we have converse cases recorded of dwarfs of 
age — human beings who became old after twelve 
years of life, and began to exhibit senile decay at a 
tinu! when ordinary men are still growing children, 
ongevity, as we have elsewhere pointed out,' is of 
1 kinds, which need Ui be distinguished. There 
be longevity characteristic of species of plants and 
Is, men included, — that is to say, the age which 
t individual of the species bom may be expected 
tch ; this is average upecijlc longevity, and is a 
f low figure indeed as (compared with other kinds 
[ longevity. For Europeans it docs nut appear to 
be above forty years. Tliis average longevity is 
brought to so low a figure by the great amount of 
death in the first years of life. By an excess of 
deaths in early life the average longevity of a species 
f any given group of individuals might be brought 
I to A year or two, though the individuals which . 

« Langrvitii ut itaa ami Antmait. MocmilUn, 1 87a 
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lii'rf survive might, some of them, cujoy a century of 
life. This brings us to a Becoud kind of longevity 
also characterising species — that which agrees with 
what haa been called "the lease of life," and which 
we call potential specific UyiigevUi/. The age to 
which a creature would attain, supposing it to escape 
all the dangers of youth, the diseases and accidents 
which are lurking about the life-way, and to lUe 
simply of old age, would represent the " potential 
longevity" of that kind of plant or animal. Very 
few beings ever manage to exhibit this — certainly 
very few men ; but men are sufficiently anxious about 
the matter, and many have taken so much pains to 
live long, by avoiding ail dangers, that we have good 
ground to suppose that the lease of life of the proHent 
race of men is normally something between seventy 
and one hundred years. C'«re may enable a man to 
expend very nearly his fall lease ; but nothing which 
he can do, no power under heaven, can enalile him to 
a<Ul a day to that term, any more than by taking 
thought a cubit may be added to his stature. And 
now we see the relations which centenarians hold to 
other men in this matter. They are not pei'sons who 
have taken more care than tlie less rare but equally 
admirable octogenarians ; they have simply been 
horn with a greater ^potential longevity — a longer 
lease of life — and they have had the good or bad luck 
to remain tenants for very nearly as lonj^ «« the Ic«M 
was good. It is impossible to guess how many, hot 
doubtless thousands of possible centenarians die 
before they are a year old, uiid thousands more ut aU 
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ages : had tln!y manageil to paaa the one fatal corner 
^^wheare they fell, the wliole road would have Wpn clear 
^^■r a hundred years. 

^^PKegarding then, as we do, centenarians as m- 
etonces of extreme or " abnormal longevity," of wliicli 
it is worth remarking we have two forms, the abnor- 
mally small' and the abnormally great, we cau see no 
reason for fixing the limit of the abnormally great at 
one hundred years, as Sir George Comewall Lewis 
was at one time inclined to do, nor even at one 
hundred and tliree or four, to which limit he was 
afterwanls induced to advance. Our a piiori impres- 
Kiuns are distinctly ui favour of a much wider limit, 
reaching perhaps, in the very rarest cases, to the one 
hundred and fifty years attributed to some celebrities, 
socb as Old Parr, Henry Jenkins, and the Countesses 
^^^ DeKmond and Eccleston. Indeed, the great 
^Hpman, Haller, ha^i uttered what is probably the 
^^ncst dictum yet put forward in the matter : " The 
nltimate limit of human life does not exceed two 
oenturies : to fix the exact nnml)er of years is excced- 

Iy difficult." 
When an unusually well-attested case of ceuten- 
nism turns up — as, for instance, tlie recent one of 
Luning, at Murden College, Bliickhcath, — tlie 
Bpapera and journaJji always bring in the late Sir 
Gtiorge Comewall Lewis, attribute certain opinions to 
and demolish them by aid of the new case. 



> not long aiuM racatil«<] in one of th« moilicsl 
t el A chilli whidi Muod to graw uul eouuneniml bi exliibit 
Bflf Midi* dteaj atlheagtiJUa youK. 
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'\'\m is one way of keeping up the interest in the 
specimens of abnormal longevity ; but inaKinach as 
several well -attested cases of persons exceeding a 
Imndred years of age were adduced at tiic time when 
8ir George was interested in this matter, and were 
actually admitted by him not long before he died 
ns sufficiently conclusive to make him modify the 
opinion he had held, viz. that there was no proof of 
the existence of centenarians, wc are fully wonanted | 
in concluding that the importance attached to aach . 
cases from this point of view is as delusive as is the 
interest they gain from the supposition thut we can 
learn by them how to live long ourselves, WTiat Sir 
George Lewis at one time stated (it was during the 
last few months of his life that he brought his valu- 
able weptical criticism to bear on the matter) was, 
that he could find no tiufficieut pi-oof of any man or 
woman having exceeded, or even completed a century 
of life ; and liaving found so many cases advanced on 
the slenderest and moat worthless evidence, he was 
inclined to regard all centenariflnism as cither deln* 
sion or imposture. In this he reminds us of a remark 
made by Professor Huxley: " No mistake is fM> com- 
monly made by clever people as tliat of assuming a 
cause to be bud because the argumeuts of its sup- 
porters are to a great extent nonsensical" Sir | 
George fell into this error, as he afterwards had to ] 
acknowledge ; for upon the evidence which tlic pubU* 
cation of his incredulity brought down upon him in 
abundance, he was compelled to admit that peraons j 
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! attained even one hundred and three or four, 

igb tliifi he considered exceedingly rare and hs the 

mate term of life. 

iBy far the larger number of cases of centenoriauism 

■kh are reported are not backed up as they should 

ftby evidenre. The appetite for the marvellous is 

keen, that j»eopIe would nitlitT take the centenarian 

on hiB own assertion than risk losing him by investi- 

i,gatioQ. 'i'his is the case with a certain Thomas 

ji, now receiving parish relief at Brighton, who 

I to 1k! one hundred and four yejirs old, and 

9 that he entered the British army at thirty years 

;e, and served for more than thirty years. A 

!ilet has been published coneerning this case, in 

icli there is not a shred of evidence given in support 

lie man's statement. No inquiries appear to have 

El made at his reputed birthplace, viz. Scariff, county 

K, Ireland, and an applicatiou to the War Office, 

I a view to getting him a pension, has entirely 

, in consequence of his name not being discover- 

n the books. This is the kind of cose which we 

t guard against, and otliers like it, testified only 

liepttitphs or village gossips. I'bc next generation 

I not be troubled with this question as we arc to- 

; for the registration of births will, in the course 

'time, furnish all the roquiri>d evidence on one 

whilst the only remaining difficulty, that of 

ing identity, is daily decreasing with the 

I of intelligence and the spread of education 

r peiwautry. 

I l)ti hoped, however, that we el 
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to wait 80 long for jourDalists and enthusiasts to cease 
their triumphant paragraphs, announcing cases in 
which the age of one hundred or one hundred and 
four years has been attained. Anjrthing over one 
hundred and nine, in the way of age, would be per- 
haps worth mention if accompanied by documentary 
evidence ; but of the mere passing the century limit 
there is enough proof already.^ 

We shall here briefly mention five cases of centen- 
arianism, of the thorough trustworthiness of which 
we feel no doubt ; and were it worth while, we fully 
believe that a great many others could be placed on 
an equally sure basis. The trouble and worry of 
doing this kind of thing is, however, not at all invit- 
ing ; and where so little is to be gained either in the 
way of knowledge or amusement, we do not wonder 
that published well-attested cases are fewer than they 
might be. 

1. William Shuldham was baptized at Beccles, in 
Suflblk, in July 1743. He died in May 1845. His 
baptism is witnessed by the register in the parish 
church of Beccles. On 22d July 1843 he gave a 
diuner at Mai-lesford Hall, near Wickham Market, to 
his friends, to celebrate the completion of his hun- 
dredth year. 

2. A Quaker gentleman, well known in the mer- 
cantile world at the beginning of this century, died 
not lonsx since in liis huniired and second vear. Dr. 

^ A great numWr of case^ of ceuteuariauism — gvxxl and K%d — are 
given by Mr. Tollemiicbe in an excellent article in the FortnighUff 
ii*mcir, April 1869. 
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Dickinson, of Mayfair, who baa lieen kind enough to 
inform me of this case, has copies of the register both 
I hiH birth and death, establishing this fact. As Dr. 
iiisoo observes, the Quakers are very precise in 
3 matters. 
8. James Hastings, for upwards of sutty years 
OP and impropriator of the living of Martley in 
Worcestershire, father of Admiral Sir Thomas Hast- 
ings, Sir Charles Hastings, Admiral Hastings, and 
the Rev, Henry Hastings, died in his hundred-and- 
firat year. His grandson, Mr. G. W. Hastings, of 
Banuutl's Green, Malvern, has obliged me wnth the 
following details. He was bom iu London, in Soho 
^Square, 2d January 1756; and his birtb register, of 
^BAicb Mr. Hastings has a copy, is at St. Martin's, 
^^Htefalgar Square. He was entered aa a gcntlemaa 
commoner of Wadliam College, Oxford, iu 1776. At 
the request of Sir Thomas and Sir. Hastings, the 
warden of Wadham last year looked up the eutries in 
tlio college and university books, and sent a copy of 
mi entry, giving the age of James Hastings as twenty 
at matriciilation. He wus admitted to holy orders by 
the Bishop of Oxfonl, at St. Mary's, in November 

K79. As no oue can be admitted to the orders of 
i Church of Eaiglaud till tLc age of twenty-three, 
JB again carries him back to 1756 us his birth-year. 
Mr. Haatings has the letters of orders in his poases- 
Biun ; they have never left the family, and prove iu- 
Otestably that James Hastings wjls twenty-three in 
was nuirried at the parish churcli of 
ipping Norton in February 1781, and his age is 
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given in the register as twenty-five. He ilicil in July 
1856, and was buried in the fiiniily vault in Martley 
Church. The Rev. James Hastings stood six feet four 
inches in his stockings, was a strikingly haiKlsome 
man, and had fifteen children. He had liut one 
sister, and no brother, whilst his wife had one brotlict 
and no sister. His father did not much exceed sixty 
years in age ; and Mr, Hastings informs me from bis 
family records, which extend to the time of Henry Fl, 
that there are no remarkable cases of great ago among 
his earlier progenitors, 

4. Captain Lalirbusfi in March 1870 celebrated in 
New York city his hundred and fourth birthday anni- 
versary. He was bom in London, on the 9th of 
March 1766. He entered the British army on tie 
17th of October 1789, and documents connected witli 
this entry prove his age at that time to have heea 
twenty-three years. 

5. Jacob William Lnning died recently, at Morden 
College, Blackheath, in his hundred and fourth year. 
Docuraentary evidence sufiicieut to satisfy Dr. Farr, 
of the Registrar-General's Office, has been addaced, 
proving that he was born at Hamelvordeu in 1767, 
and similar evidence of the date and the age lie gave 
when he was naturalised as a British subject, also 
when he was married, and, what is still more impor- 
tant, when he insured his life — an occasion on which 
men are not likely to add anything to their age. 

As to the means by which to live long, and to 
give ourselves the ehance of enduring to our hundred 
and tenth year, if we have it in us, or to our eightieth 
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By, if that be the limit of our "matter of life," wc 
let tiunsult the statistics which are available, and 
i try to draw auy couclusiuns from these extreme 
What will lengthen and what shorten life, 
nOwever, becomes a question of general longevity, and 
this wt? did not propose to ourselves to discuss on the 
present occasion. We may, nevertheless, notice that 
everything necms to show that the appliances of 
civilieeil life, and quiet and regular habits, are the 
chief conditions of long life. Europeans are, it seems, 
lunger lived than other men ; and Englishmen than 
KDch, Germans. Swedes, or Belgians, as far as sta- 
tics tell us. In Lord Bacon's time there was a pre- 
in fiivour of the wild Irishmen — " lliliemi 
Ireatres," as he calls thom, who were in the habit 
I smelling the fresh earth and drinking infusions of 
Statistics and Saxon domination have 
rived Ireland of this pre-eminence in longevity. 
Ire also find from statistioa, comparing the eipecta- 
of life at the age of aixty, given by various 
(Ktthoritiea, that in England agricultural labourers of 
that age, belonging to friendly societies, and hence 
sober, well-to-do men, stand firnt, and may expect to 
live nearly eighteen years longer, whilst confirmed 
drunkanls st«nd Is«t, with only half that chance of 
life. 'Flic females of the aristocracy come next to the 
labourers, with sixteen years and a half; the male 
raemben of the amtocmcy next, with only fourteen 
1 a half; clerks follow, with twelve and a half; 
rpooi, with twelve ; miners, with eleven 
trtcia ; whitut flovercigna of all coa 
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at sixty years of age have aa expectation of a littk> 
IcHS than eleven years of life. Distiuguuslied men 
live a shorter time thau leas distinguiahed, on account 
of their harder work ; married live longer than un- 
married persons, on account, perhaps, of the measured 
tranquillity of connubial life ; women longer than 
men, because they lead an cosier life ; and the clergy 
longer than other professional men, for the some 
reason. 

From these facts it is not difficult to draw tlie 
loaaon of longevity. After all, the prolonging of their 
own lives is not a thing about which men should 
take much thought ; as long as they are careful n^it 
directly to shorten life, and careful to preserve healUi, 
longevity and centeuarianism may well be left to 
take their own way. The celebrated Italian, Lonia 
Comaro, carefully weighing his egg, and measuring his 
wine for his daily meals, refusing to allow mattcni uf 
a disturbing nature to come under his attention, and 
taking a thousand precautions, all to enable his pitiful 
old fnime to vegetate a. few years the longtT on the 
earth's face, is not a pleasing tigure to contemplate. 
True it is, that he who would save his life shiUl toee 
it ; for the existence of 8uch a i>eing as Cornnro is not 
com|>antblo day for day with that of an actiw mau. 
When the element of intensity i& takta into considcni- 
ttou, there is perbajw very much less difference be- 
tweeu the quantities livixl by various men than would 
appear from the simple rcoord of tiiui*. But whilst it 
is not for the men of to-day to chcri^ the seorcli for 
elixirs of life, nor to desire nor eudcavoor to becomA 
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Ens, there is yet a longevity which they cao 
jrially influence — which they can check or 
ert«nd by deliberate acts most directly, having it in 
their power to add years, hundreds of years, of life 
to the community — of active, vigorous life, too, not 
such as the common seeker of longevity would gain ; 
and thin longevity it is no less our interest than our 
duty to work for. Men can diminish the mortality 
of populations by attention to simple laws of health, 
aiid, by increasing the average longevity, give that 
increased happiness and prosperity which security of i 
life and health brings. It is in sanitary action that 
the elixir vitcn has been discovered in these days, 
which, though it porbaijs has not as yet increased the 
roll of centenarians, has no limit to its ojierations, 
until the time shall have come when man will no 
longer, as Buffon said, " die of disappointment," but 
" attain everywhere a hundred years." 



VII 
PARTHENOGENESIS 



A Revikw of Von* Siebold*8 Britraqe zur Parthbnogkxksis der 
Arthropodex, prom Nature, 10th Octobeu 1872 
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Amidst the all-abaorbiBg discussion of the problems 
which have arisen out of tlie general acceptmuM; among 
biologists of the law of evolution, the phenomenon of 
Portheuogcncais whieli, previously to Mr. Darwin's 
work on the Origin of Species, excited the interest 
and called forth the investigations of observers in 
mueJi the same manner as his theory has done of late 
years, has met with a reverse of fortune and fallen 
into a subordinate rank of popularity. The dis- 
tinguished naturalist, however, who tifteen years ago 
gave so stunning a blow to current theories of the 
reproductive process, by demonstrating the occurrence 
Id moths and bees of what he designated as " true 
porthenogeitesis " — that is to say, the development, 
without impregnation, of an ovum eapable of being 
impregnated — has not let the subject drop. Profesaor 
Sieliold has made further pxj>eriraent.il researches, 
eatublishiug again, and on a larger boMiti, hia former 
conclusion, and adding at least one new fiict of great 
general importauce for the understanding of the 
process of sexual reproduction. AJlbongh upon itA 
firat appearance in 1856, the concluiuon arrived at in 
iWaJire Partfietioyenesis waa admitted by almost 
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all competent naturalists to be thoroughly demon- 
strated, and beyond the reach of criticism, yet some 
more and some less eminent biologists have not been 
wanting to deny the Lucina sine concubitu^ and have 
raised objections, such as that there is a possibility 
of error in the experiments in reference to the ex- 
clusion of males from the supposed parthenogenetic 
female ; and again, that these so-called females were 
not demonstrated ''not to be hermaphrodites." In- 
deed so deeply rooted is the conviction that eggs are 
made to be impregnated by spermatozoa, and that 
they then, and then only, can proceed to develop, 
that Siebold felt it necessary to add to his proofs, 
in order to establish his position that not only do 
unimpregnated eggs develop into perfect animals, but 
that such an event is by no means an exceptional 
occurrence among certain groups, and has a definitely 
fixed and orderly recurrence amongst them. He 
naturally was also anxious to extend the class-limits 
within which a true parthenogenesis can be said to 
occur, and he desired to inquire into the sex of the 
partlienogenetically-produced offspring in such cases 
as could be critically and decisively studied. Hence 
the renewed resciirches which have extended over 
several years, the results of which are given in the 
present brochure. 

Von Siebold s merit in this and his former work 
(but more especially in this) is not the enunciation of 
a new theory, or hypothesis, but the great care, 
ingenuity, and persistence which he has displayed in 
investigating cases in which for many years collectors, 
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^Hp^eepen, and such uatiirali»ta of the limited, or 
^^^■rdener" tj'pe, liad asserted reproduction by means 
of unfertilised eggs to take place. It must be re- 
mcmlicrcd that he was himself a strung opponent 
in 1 850 of the supposition which he has now shown to 
be justiiied in fact, and that Leuckart in his article 
" ZeugnisH," in Wagner's HandiPdiirrbuch, and in 
other publications, preceded liim as an advocate for 
Ae existence of true parthenogenesis, endeavouring, 
f microscopical researches, to give a solid observa- 
basis to Dzierzon's hypothesis. It was not 
1857 that Sicbold published his observations 
: bees, demonstrating what had been previously 
piKwed, viz. tiat the queen-l>ee exhausts her store 
of received sperm in fertilising e^s which give rise to 
females only, and that then she lays unfertilised eggs, 
become drones only, whilst the unfertilised 
ker-females also lay eggs which give rise to drones : 
[1 again that in certain moths {Psyche, and Soleiiohia) 
*ed ova develop ajid produce females only, 
iart followed (1858) with his Zur Keiintniss des 
itrtUions-teech^f.lg utul der Parthenogenesis bet den 
In this work, whilst assorting his olaJmB to 
} merit of first espousing the cause of true par- 
togeoeais, Leuckart gives an excellent view of the 
1 signification of the phenomena, and insists on 
! importance of extended luslolugical obs«r%'ation 
s examination nf alleged cases of parthenogcQeais. 
lo bis prewnt work Sicbold cannot be chained with in 
U^ way neglecting tluK part nf his Hubje<^, for he has 
I most important and minute descriptions uf tlu- 
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generative organs of the two principal cases studied 
{Polistes and Apus), containing new facta. His 
method is however eminently experimental, and 
appears to us a striking contradiction of a TCiy 
superficial classification of the sciences, which is 
favoured sometimes by men of science unacquainted 
with the methods or problems of biolog}' ; we mean 
the division into the exact or mathematical, the 
experimental, and tlie classificatory sciences, in which 
last division the so-called natural history sciences are 
said to find their place. 

The experiments which Siebold made on bees and 
wasps, though performed by a natm-alist, are as uioelf 
coutrolled, and as clear in the conclusions which they 
give, as any performed by exact physicists on thi' 
times or quantities concerned in this or that phj-sictl 
process. The style in which details of these investiga- 
tions are communicated is one rare at the present day 
in biological works, where minute description of 
structure, or of the apparatus devised for a physiologi- 
cal research, form the staple. Here wo are treated to 
a leisurely narrative of some years of patiunt work ; 
we share the keen enjoyment of the author as be 
becomes acquainted with the marvellous iuteUigence 
of his wasps and their various proceedings — we feel 
his satisfaction in overcoming the difficulties of pro- 
curing and observing the necessary material, und 
admire tlii^ candour and thoroughness with which 
he handles tlic question before him. 

Before proceeding to a sliort notice of the vuntenlB 
of Von Siebold's book, it will be well to give a 
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statemeDt of the signification vhkh such inquiries an 
his have in the prcsunt state of knowledge. Harvey's 
dictum, " Omue viviun ex ovo," expressed a groat law, 
which had to be iiimlified when the researches of 
TrcmbJey and others made known, among Polyps, and 
Wonn», iiinl Protozoa, reproduction by fission. To 
this rapidly succeeded the recognition of a modified 
fiasioD, in which the animal did not divide into equal 
parts, nor exhibit the power of reproduction of the 
whole animsd in artificially detached portions of its 
body ; but iu which special sprouts or buds were found 
to be prepared and detached spontaneously, becoming 
then develojied into piTfect animals. This process 
received the name of gemmation, and was stated to 
occur in polyps and also in the plant-lice. Parallels 
for these methods of reproduction in animals were 
readily recognised iu plants, in the multiplication 
by seed, by cuttings or shoots, and by separable 
A broad line was drawn between " buds " and 
," however egg-like the former might apfjear, in 
uumption that eggs were special bodies of a 
r atracture, destined to be " fertilised " by the 
tozoa of the male — after whicli process only 
I they develop. Thcst- distinctions, some twenty ■ 
B ag(r, were the more fimdy impressed in the minds 
biologists by the then recently acquired knowledge 
B process of fertilisation or impregnation. Then 
S the demonstration by Sic bold of the capacity for 
relopnient of true eggs, even when not impregnated. 
The Hharjmess of the limit between buds aiul eggs was 
I at once destroyed : -m.i i)..- .-InB-lv fnll.miTi.T 
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researches of Leydig (antecedent to Siebold's work in 
some cases), Huxley, Lubbock, and Leuckart, on the 
structure of the supposed buds of Aphis and allied 
insects, and of lower crustaceans, proved that these 
Inxiies were morphologically ova — originating in 
ovaries, and having the essential structure of fertihsable 
ova. For them the term "pseudova" was introduced 
bv Professor Huxley, since they diflFer in this respect 
fnmi other ova — that whereas the latter can be, and 
are in most cases (though with constant exceptions), 
fortilisoil, the latter cannot be.^ Whilst, then, up to 
this (vorioil such a thing as parthenogenesis appeared 
to bo a stnmge exception, the question has now shifted, 
ttUil, since the essential identity in reproductive power 
of cuttings, buds, pseudova, and eggs is proved, the 
pt\>blom before naturalists is rather " Why are eggs 
ovor fertilised ? " in short, " What is the use of the 
utalo SOX at all ? '' We have animals and plants mul- 
(ipl\ iug by fission, breaking up into two or more parts, 
oavU o( which becomes a new individual ; we have 
[\w\\\ jiiviiig rise by growth to masses of cells, which 
Ihvvu\\c ilctached or remain attached, and develop each 
\\\[o a i\ow individual ; and finally, we have them ela- 
lh»ratii\u single large cells, which become detached and 

' Ia-uv kait lias more rt-cently proposed, in describing the reprodiic- 
lu'U v»t tho iViiiliMiiyia larvii* discovered by Wagner, to limit the term 
*• j».mUvIo\ \iin " to sm-h ova as those produced ])y larvce, or imperfect 
l^mui , ahil nv»l to apply it at all to the eggs of bee.s, wasps, etc. (which 
v.ku dv\vU»p N\ilhv»ut fertilisiition), as wiuj done by Huxley. The falsity 
nuplud ni Uio pivtix seems to make a rather stronger distinction than 
t. dv.-^a.kMv bet\\\rn any of these bcKlies ; for they are all truly ova, 
ihovit,;^* '•'^'^ ^'^ \arii»us sj>ecial properties. 
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tvdop each into a new individual. Wliy should! 
\he that in certain cases these last require fnsioal 
ith another peculiar kind of cell elements before I 
Ky will develop ? Some light seemed to bo thrown 1 
I this matter at firat, by the observation that the! 
Uttfertilieed ova of the bee always produce dronea, and J 
|tst only the fertilised produce females ; but this indi'l 
tiou of a jtossibly clearer insight into the matter i«l 
ely upset by the fact, now fidly established in the.^ 
present work, that in some speeies of insects and crusta- 
ceans the unfertilised ova always, or in an enormously 
^^l^ proportion, produce females only ; whilst in tliu ■ 
fnhides we know that they ultimately produce both J 
^■ales jiud femal(!». i\r. Darwin has suggested the I 
^■Wt satisfactory theory of fertilisation, in assigning to I 
^■ihe object of fusing two life-experiences in the pro- 1 
^ftny, which thus gains tendencies and acquires im-l 
^Um» from a wider area than docs au anfcrtilised I 
^■mn, and is in so far strengthened. Conjugation of 1 
^■'o cells, similarly formed but belonging to differencl 
^bividuals (as seen in ConfervK and Gregarinxe) is J 
^■fi simplest arrangement for obtaining this end ; thel 
^Hy difference between this and sexual reproduction I 
^ptbat in the latter process one cell seeks, the other ia I 
^kght; and thLs differentiation into active and passive, 1 
^■ft wooer and the wooed, commencing in the simplest I 
^Bgetable and aninml celb, ])crHi»ts to the highest rank I 
^■•development. Self-impregnation (if it have a realfl 
^nniulogical existence) and parthenogenesis, have, ■ 
^■bd, to yield, as chief moiles of reproduction, to gomo- I 
■tot'>«i'>, iir 1 1... .-.■ri.urr-'n'.' of two individuals; audi 



this for oue and the same rcaaou. Perhaps the ai>|«r- 
ently anomalous facta that an animal — or plant, as tiie 
case may be — develops elaborate motile zooHpcnns and 
copulatory organs, merely to fertilise its own egg ; and 
that other animals and plants develop peculiarly con- 
structed large cells, of a kind apparently r-speciaHy 
elaborated in the progress of the general evolution of 
life to provide for fertilisation, yet which never we 
fertilised — arc only to be explained as cases of persist- 
ent structures with modified function. In the former 
case, Agamogenesis, being sufficieut to or necessitated 
by the conditions of life, yet avails itself of the ap- 
paratus inherited from gamogenetic ancestors ; whibt 
similarly, in the second case (pseudova), Agamogenesis, 
having advantages for tho particular case (and no! 
being a common phenonaenon in the group), instead of 
making its appearance through new organs, avails itaelf 
of the ovary inherited from gamogenetic progenitors. 
Thus the unsignificant form of an ovum (unsignificanl, 
that is, 80 far aa Agamogenesis is noncejni-d) lakes 
the place of the more obviously approjiiiate bud or 
fission-product. The phentjmenon of Alternation of 
Generations, usually treated of in connection with 
parthenogenesis, should by experiment on the physical 
conditions accompanying its variations enable us t*i 
ascertain a great deal more than is at present known 
of what is the significatiou of the iliflerentialion of 
male and female sexual elements ; and it is from further 
study of this and of true Parthonogenems that progress 
in this part of physiology may be expected. 
To letum to Siebold's researches. Tl 
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part of the book U devoted to no account nf the 
parthenogenesis observable in tho wasp PoUates. 
Leuckart fii-sc recorded, in hia work already mentioned, 
that the workers of waaps, ants, hornets, and humble 
bees lay eggs, which in one case he followed to the 
duvelopmont of a larj-a, of which he was not able 
to determine the sex. ' Siebold determined to study 
a species of Polistes common in and around Munich, 
which he identifies with much care, and after reference 
to epedmens and authorities from many lands, as 
Polistes gallica var. diaJema Latruille. He gives a 
minate description of the characters of the females and 
males; the two kinds of the former (rjueens and 
votkers) being only distinguishable by size — thf 
workers in all external characters as well as in their 
generative organs being merely smaller (jueens, and 
fii31y capable of copulation and impregnation. In the 
beginning of May, in Munich, the Polistos queens 
L^ilHeh were bom in the previous summer nnd impreg- 
^^^■id then, commence each to liuild a nest. No queen 
^^^p bailt in the former year suT\'ivc!t to huild a second 
^^^L and tlic young queens never make use of the old 
^^^n. The Polistes are very particular in choosing a 
mrm sunshiny spot, sheltered from wind nnd rain, 
and as stich spots are not too ^^immou, a new nest is 
often begun near the weathered remains of an old one. 
Waihf and trunks of trees, often at such a height as 
not to be easily reached, are the silcR diosen. When 
the queen has construc-ted fifteen or twenty cells, she 
hem, and is verj' hard-worked in guard- 
' neat and in providing food for the lar\ 



they hatch. She feeds them on caterpillars and otbor 
soft insects, first removing the alimentary canal (u 
cooks take out the entrails of a fisli). and curefolly 
applying the morsel to the lips of each larva. This 
process takes some time for one "hand," and hence 
the first brood is longer in coming to perfection tbao 
later broods, in the rearing of which the elder progeny 
assist. In the middle of June the first lot make their 
appearance, all small females ready to asaist their parent 
in the advancement of her enterprise. The later broods 
develop more rapidly and acquire larger size twMM 
being better nourished, and towards the eml of Juno 
(no drones being as yet born) the females which coniii 
forth are as large as the old queen ; they may, howuver, 
be easUy distinguished from her by their comparattve 
freshness of colour and wing. Great care is displayed 
in guartling the nest. At night the queen goes to 
sleep after having carefully inspected each cell, toldog 
up her position at tho kinder aide of the nest. If she 
is disturbed in the uight, she takes another survey of 
her house before again going to sleep. In the day* 
time if disturbed she makes an immediate attack UD 
the enemy with her sting, and then flies ba(dc to her 
nest. She can sting several times, since the barba on 
her weapon are not too long to allow of ita being with- 
drawn. AntJ4 are amongst the most common of the 
many insect enemies of these wasps, and when ooe 
ventures into the nest, the whole colony sting it to 
death, and immediately throw the iKwiy out. Binli 
are, however, not thus to he gf>t rid of, and deatroy im- 
mense numberB of the uesiu, m that Sicbold WM 
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^^Hl^ed to protect those he wished to study with 
^^^■L The members of oni; aeat are not allowed to 
' iMftttiu in another, if by chance a stranger comes in 
she is hustled out at once by the waap» uciir the en- 
trancx!. Siebold convinced himself of this by painting 
the thorax of a number of PoUstes bclougiug to difierent 
ncsta with diflereut coloui-s. Only late in the year, 
whcD the wasps seem to be getting careless or tired of i 
their incessant work did he find that one or two had i 
got mixed in certain colonies, to which they did not 
rightly belong. Althougli there is tliis sharp discrimi- 
natiou of individuals, yet it was found that by sub- 
stituting one nest for another wliilst the queen was I 
away> she could often be deceived, so as to make her 
' upon the possession of the substituted nest as 
igh it were her own. Siebold found this a very 
i plan when he wanted to change the position or 
lity of a nest so as to bring it into a safer or more 
3 spot, or when a nest which he Iiad been ob- 
ling wa« by some accident deserted, or when a 
1 in a favourable position was less fonv'ord iu the 
development of its larvje than one less favourably 
Hitaated. By making the neslM movable, and sub- 
stituting the one for the other iu the alienee of tlic 
c]UecD, he was able to save himself much trouble and 
The nests were made movable V)y removing 
, firom their original support and firmly fixing I 
1 toboanU which were then hung up iu the original I 
tion. Tlie queens were very anxious after this 
ntion had l>eeu performed, investigating with 
tin- ationgth of the support and tin' /•■m) In 
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which the boarrl was hung, and aoniBtimca adding tu 
it themselves additional strength. By degree* socb 
movable nests could be lowered a little bit e-ach day 
from an inconveniently high position, or taking this 
neat in the night under a cover whilst all the wasju 
were in it, it could be removed from a distant locality 
to the Professor 'a garden. In such cases a certain pro- 
portion always came to grief by the desertion of the 
colony ; and the queen was then sometimes found at 
work on the old site constructing a new nest. Al- 
though strangers are not admitted in a well-regulated 
Polistes nest, yet by carelessness or desertion the broo<i 
of one colony will sometimes be exposed to the attacks 
of the workers of another, who then make uso of U«! 
nnfortiinate larvse to feed their own young. It fre- 
quently happens that workers who have once indulgerl 
in this kind of thing, become what are called " rcibbor 
waaps," utterly demoralised, and actually undo tlic 
whole labour of a colony by dragging out the gmba 
which they were lately so carefully tending in common 
with their fellows, to feed the still younger larrsft. 
AVhen this condition of things has once begun m i 
colony it soon goes to ruin, and hence it is nccoBsar}' 
to destroy any deserted Polistes ucsta in the neighbour 
hood of those under observation, lest by entering tit- 
former the members of the latter should gut thu had 
habit of pulling grubs out of tieir cellii, and proceed 
to do tlic same in their own nests. 

The rain is a very constant source of destruction to | 
Polistes colonies, drowning the young by Baturatang 
the cqUs with moisture. Light rain will nut. Iiowovbt, 
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do much harm. Whilst Siebold was endeavouring to 
remove some of the water fnini a nest which had been 
drenched in a shower, he was astonished to find the 
wasps themselves already busy at the work, putting 
their heads into the eelbi, sucking up the water, then 
passing to the edge of the nest and spitting out the 
Haid. In this way they are able to get rid of the 
effects of a wetting if it is not very severe. Though 
the Polistes feed their youug exclusively with animal 
food, they yet appear to collect a sweet fluid which 
Siebold found in some cells, and which he thiuks the 
workers take for their own enjoyment, since they were 
seen entering such cells and apparently sucking at the 
contents — in fact, taking a little refreshment in the 
intervals <tf their labour. 

The development of the grub is carefully di-seribed 
hy thL- author, and a "pseudo-nymph " stage is recog- 
nised intervening between the nymph and the pupa. 
The perfect insect bites off' the Hd of its cell, and 
comes out with perfect wings, deposits first of all a 
drop of urinary excretion, and makes a trial flight, 
then returns to take part in the labours of the colony. 
The cell i» often used again for :mothi!r egg. The 
&lBt drones make tlieir apiiearancc with the beginning 
of July, au important fact for Siebold's experiments, 
for if the nest w to be used at all now is tlie latest 
moment ; they have to be killed off, and all tht; remain- 
ing hir\'ic and pupse destroyed — in order to secure a 
f consisting solely of virgins. The drones play 
part in the ncsl — sneaking about in the 
FccUb and behind the comb. Not till the month 



of August aiv their generative org<an8 fully developed, 
and then they make their first approaches to the 
females. Their proceedings are minutely described, 
and it appears that they meet with many rebuffe from 
the bueily -occupied workers of the hive, titul that it it 
outside at a ilistance from the nest that their addresses 
are at length accepted by those of the larger females 
destined to become queens. Not all the large females 
appear to have this destiny, and none appear to IvnTe 
the nest until all the brood haa been brought through, 
when (about the beginning of October) the nests 
become deserted. Only a few flattened old virgio 
wasps remain, who are killed off by the frosts, whilst 
the young queens have married and sought out for 
themselves winter quarters. Siebold distinguished 
black-eyed and green-eyed drones, and speculates upon 
the signification of this diHercncc. 

Having ascertained these and other matters relat- 
ing to the Polistes in far greater detail than we lui« 
been able here to indicate them, Siebold was prepared 
to make his experiment. In the nest from which he 
wanted an answer to these questions, " C'aii unfertilised 
Polistes females lay egga which will develop ? " and if 
so, " Of what sex will the parthenogenetically-ppoduced 
progeny be ? " he proceeded to destroy the queen and 
all the eggs, larvse, and pupte iu the cells with tlio 
greatest care as lute as possible in the season, so ua to 
have as large a colony as possible left, the limit of the 
time being given by the date of the apj>eajani:e of th* 
first drone. The queens thus taken were used fiw 
careful hijitological study of the generative oigaus, ud 
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in all cases Siebold found the ixceptaculum 
tinis filled with mtiving spermatozoa, he was able 
■■ibel assured that he had really removed the queen 
It each eiwe. We will merely direct the attention of 
aose interested in histology to the minute description 
here given of the ovary, which in the main agrees 
wi^ Leydig's, and of the receptaculuvi semtnif, which 
■Opposition to Leydig, on account of its nerve supply, 
lold holds to be contractile. After waiting some 
B Siebold had the gratification of finding the first 
. laid in the cells of several of the mists from 
hich he had removed queen, eggs, and lorvfe, and 
he felt convinced that they could only have been laid 
by the small virgin workers who alone tenanted the 
coiulut. The whole business of the colonies proceeded 
just as well as when the queens were there, and the 
virgins watched and worked with the same assiduity 
as had ilone their queen-mother. In some cases 
«]d actually saw a worker deposit an egg, anil 
;-laying workers, when anatomically tested, 
wed, firstly, in the presence of corpora lutea (tfae 
signification uf which the investigator had 
Kcd by his histological studies of the ovary) 
) eggs bad been extruded, and, secondly, in tfae 
iplete absence of spermatozoa from the recepto- 
1 setHtnix, that the insect was a virgin. Out of a 
bundred nests which he had begun to observe in one 
fleaM>D, and oQt of one hundred and fifty in another, 
only some twenty or so in each case came through all 
the long scries of accidents from weather, insect3, 
, etc., to which they were necessarily exposed. 




and soQie of those which promised the best results and 
had cost the most paina came to a bad cud in the 
very last days of the research. In order to dctormint' 
the Bex of the wasps born from the eggs laid by the 
parthenogeuetic females, Siebold in most cases only ' 
allowed the developmeot to proceed suffii-iently far to 
enable him to recognise the sex by anatomical invcdtj- 
gatiou. The dried skin, however, of auch grubs as 
were found dead in their cells afforded sufiicicDt evi- 
dence of the Bex. lu aU cases the parthenogcuoiic 
offspring was without exception male. 'I'he queen- 
wasps, n» wc have mentioned, also late in the season 
lay eggs whicli produce drones, which arc easily di»- 
tinguished from the droues parthcnogenetically pR>- 
duced by their larger size. It occurred to Siebold 
when he first ascertained that the <iuecus prodace 
drones that such dronea might visit his virgin eolonit*, 
and thus his whole experiment be invalidated. He 
was, however, reassured on this point by a neanr 
acquaintance with the Polistes; for auch droaea are 
nut bom till later than the period at which his HmalJ 
females laid their eggs, the former event taking place 
at the end of July, the latter at the beginning; aud, 
furthermore, as we have noticed above, it is not tiD 
still later (August), when the experimental cells were j 
long since all occupied with eggs, that the power uwl 
desire of sexual activity' comes to these dronea. 

Siebold's experiments extended over four yean, 
and although some hun<lreds of ncsta were more of 
leas observed, only thirty-seven — but thtise un^jr 
sufficient — gave the answer to his questions, pAadiig 
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ily through all the atagea above noted. 
Itly, they furnished a virgin colony in a nest ab- 
Btoly free from eggs and larvBB — except a few 
Jicocl larvaj purposely left in some nests and noted 
—which colony laid eggs ; secondly, these egga 
proilucetl witliout exception (some few eggu not 
nrelopiug) malea. 

lie method of recording which was used must be 

btioned to give a notion of the accuracy of the 

ations. A series of plans of each nest was kept, 

I being represented and its contents at diffcr- 

Successivc plans were used for recording 

sive changes in the number of cells of the 

I in their contents at different periods of the 

TatioQS. Signs jotted down in the plan cells 

i such facts as these — e.g. the cell contains a 

iienogenetic egg," or " a second parthenogenetic 

1 was laid after a first one had disappeared," 

1 larva sprung from the queen." or " a partheno- 

iBtic male larva," etc. etc. A second reconj was 

, anrl is given for twenty-two cases, in which the 

ing facts were noted: Number of the nest, 

: was made movable, number of cells at that 

»y of emergence of first worker- female, date of 

troction of queen, eggs, and grubs, number of larvse 

Ipapte left undestroyed at this date, date of first 

of porthenogenctic eggs, date of first emer- 

B of parthcnogcnetic Uirva>, date of first emergence 

wnes bom from queens' eggs (these were uqII in 

were always so late as not t« affect 

i by possibly inipreguniing the worker- 
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females) , number of the same, number of cells observed 
when the experimental conditions were established, 
date and duration of the experiment, maximum number 
of female workers employed in the affairs of the nest, 
number of larvae, pupae, and wasps of the partheno- 
genetic brood found at the conclusion of the experi- 
ment. After the account of the artificially obtained 
results, two cases are recorded in which Siebold found 
a parthenogenetic colony naturally established by an 
accident which had destroyed their queen and comb. 

Before concluding this chapter of his book, Siebold 
makes the very important observation that the hcts 
observed in the parthenogenesis of Polistes are in 
opposition to the view maintained by Leydig, viz. 
that the sexual differentiation of the egg is independent 
of its fertilisation, and that the evolution of the male 
sex is due to diminution of nutrition and warmth. 
Bossels hj\s already, in opposition to Landois, shown 
that this is not the ease in the bee. If it were true 
for Polistes, the eij2:s laid in the earlv vear, when it 
is eold, and when there is only the queen to attend 
to the larviv, should produce drones. On the contrary, 
they pixnUiee females, and the drones appear precisely 
at the time when warmth and nourishment are most 
abundant. 

SielH>ld eonohides, therefore, that (1^ the eggs 
bring with them frvnn the ovary the eajxicitv of 
differiMitiating themsi^lves as males, and (2) of de- 
veK^ping themselves, indejx^ndentiy of male influence 
into male indivivUu^ls : 3^ but the same eggs can be 
ehangxxl in these pn^jvrties by the influence of the 
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B Sperm elements, and proceed to develop as female 
TidaaU, 

L The second chapter, very abort, U ou Parthciio- 
in Vespa holsalica, wluch was inferred to 
nr fi«m the observation of a naturally -produced 
mless colony, the larvie in the cells of which were 
It male. 

) The third chapter is on Parthenogenesis in Xcviattts 
ricogus, the larva of which is known aa the (iooae- 
herry-caterpiUar. Since three or more generations of 
these leaf-wasps occur in the season, they fiimishcd 
rODdant material, am) the old supposition of parthpno- 
1 liTtit put out as rt^gards them by Robert Thorn, 
*■ the fjlardener's Magazine, 1820, is shown by 
lold to be justified by carefully conditioned experi- 
Some valuable observations on the anatomy 
KttiB generative organs, and on the curious increase 
a size of the egg after it is laid, arc given. The 
rthenogenetically produced progeny are in this case 
also malf. The reaults uf the Nematus experiments 
• not ready for pubhcation until after the issue of 
BSent work, and we have received, through the 
}8S of Dr. Dolim, a copy of the Sitzungshcrichte 
Munich Academy of 4th November 1871, in 
I they are fully given. It appears that though 
laiooal female appeared among the male broods 
by unfertilised ffmules, this wa«, in every 
here it happened, fully accounted for by the 
I access of a fertilised female, or some such 
dveoture, duly nu(«d in the reeords kept nf tlio 
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Of the fourth and fifth chapteni, treating of 
Parthenogenesis in the Lupidoptcra, Psyche helix, 
Solenobia triquetrella and S. lichetiella, wc have not 
space to speak in detail. The same intimate inquiry. 
mid the same very necessary prodigality in the amount 
of material subjected to experiment, which we noted 
above as to Polistes, characteriae Professor SioboM's 
treatment of these cases. The parthenogenesis in these 
eases produces female broods, and though the male 
of Psydie helix has been discovered since Siebdd'e 
former researches on this moth, hia conclusion is by 
no means invalidated, for the males are cxc«!saively 
rare. They were first discovered by Clans, of Mar- 
burg, who has indicated characters by which fatun 
observers may distinguish the sex of the cateq>illar8. 
Out of many hundreds of broods reared by Sit'bol<i, 
taken in various places, nmging from the Baltic to 
the plains of Lombarciy, only once did he obtain 
males. There appejir to be thus broods which are 
entirely female, and broods which arc of mixed soxea. 
The conditions under which the male bcx makes its 
appearance are not yet ascertained. It is exceedingly 
desirable that those who may be fortunate t-nough to 
come across a mixed brood, should make ex|H.*rimentit 
to ascertain if idl the eggs which are fertilised produce 
males. The females of the purely female broods an 
completely developed in every rraptK't, having perfect 
copulutory organs, and the egg 'n fttnii8bL<d with ft 
miciopyle ; therefore, aa Siebold maintuns, they nuut 
not be called pseudova. It shonld be mentioMid 
that the inquiries nccetuuLry to eatnblisli the )dflntit)r 
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^^Sf^ard to these little moths, have occupied a great 
deal of our author's time and attention, and are here 
recorded. In regard hotli to Psyche and Solenobia 
[nination with the microscope was employed to 
wnnine the absence of male elements from the 
•ptacvlum seminis; and we have moreover an 
xiunt of the structure of the ovaries. In relation 
> this matter, Professor Siebold takes the opportunity 
f replying to some criticisms of his former work by 
, Plateau, who appears to have made little of the 
;umcuta Iwiscd on tlie proof thus obtained of vir^n- 
, without knowing the real extent and nature of 
tebold's studies, having, in fat^t, only read of them 
i an imperfect abstract. It appears also that M. 
tAteau took " eiu einziger Fundort " to mean " un 
natoraliste collecteur," an amusing mistake to which 
our attention is drawn in a note, p. 155. We may 
icfly mention here with regard to Solenobia, that it 
I that S. ticftenella is only the female brood 
I S. pineli, of which males and females regularly 
No structural diifcrenec ai)pears to exist 
L the two kinds of females, but the former, 
on escaping from the chrysalis- sac, at once proceed 
to Iny <^^, which pruduco invariably females ; whilst 
I latter wait for copulation, and if that be with- 
, die, and dry up without laying their eggs. 
) insects offer most promising material for further 
ibea on the conditions attending the difierentia- 

LOf Ml. 

■Ve now come to the sixth nod lost chapter, on 
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" the ParthenogcDctic Reproduction in Apus and 
allied Crustacea." Already, in 185G, SieboW luid 
stated hia supposition tliat Apus cancrifomtis, Lini- 
nadia gigas, and Polyphemus oculus, in which species 
uo males had been observed, presented examples of 
true parthenogenesis, aud were not to bo regarded a» 
bud-producing " nurses, '' in a so-called alternation of 
generations. Leuckart subsequently expressed the 
same opinion with regard to the reproduction, inde- 
pendent of males, observed in Dupknta, Apus, luid 
himnadm. Ever since that period Siebold has con- 
tinually kept an eye upon Ajms. In 1858 the males 
of Apus were discovered by Ivozubowski, and Siebold 
received specimens from various localities. He thus 
learned to distinguish with perfect facility the two 
sexes, and was enabled now to convince himself tliat, 
as with the Lepidoptera above spoken of, so with 
Apua, broods occur which are entirely destitute of 
males, and go on reproducing parthenogeneticoUy, 
whilst other broods occur in which buth Bcxea are 
present. The number of Apus of two species — Apus 
cancri/ormis and Apus productm — examined hy 
Siebold, amounts actually to some thouaaiidB, He 
received quantities uUien from various ponds in middle 
Europe (Apus occurs in shallow pools which dry up 
during ports of the year, and it can bu taken to 
immense quantit}'), and had the opportunity of study- 
ing one pond — that at Oosslwi^, near Munich, witi 
minuteness, from the year 1864 to the year 1869 
inclusive, licsides casuul exaniinatious of the 
pond in 1857 aud 1856. lime after time, ti 



FABTHKNOtJEyESia 



several Imadrcds of the Apus from the pond, he never 
foimd a single male amongst them. On one occasion 
p had the whole contents of the little pond removed 
bh the greatest care, so as to feel sure that he had 
ned every Apus present. He received on this 
1 5796 specimens of Apus, ewry one of which 
r carvfidly eMtmined proved to he female. At 
: time 2o7G specimens of Brauchipua were 
ned from the pond, which were, as usual, of both 
In those cases where ponds afforded both 
lies and females of Apus, it is remarkable that the 
mportiou of the sexes was very variable. The 
^est proportion of malee appears to be in a case 
wrded by Sir John Lubl)ock, who found thirty-three 
llle and thirty-nine female Apus producius in a 
|Dd near Rouen, whilst among 193 specimens of 
IH(« cancriformis, from a locality near Krakow, 
one male occurred. What is moat important 
. this variation in the proportion of males to 
Ues \& that in two or three localities, furnishing 
d generations of Apus, from which he has received, 
' after year, numlters of specimens, SieI)old has 
■ved an appiirent constantly-augmenting disjiro- 
muleo to females, and he is led to the 
ntiun tlmt in thene L-a«eK the males will at last 
B altogether, and thus a female generation bo pni- 
i which will con tinue t^ reproduce it*clf parlheno- 
tically, as in the Goasberg and a great number of 
r |»onds. This in, however, by no means proved ; 
I we have no idea at present as to how the males 
make their appeanuicc a;^ain. or what are the 



I'utiditioDs iiffectuig their development and extinctioiL 
It occurred to Siebold that an objection might be 
urged against parthenogenesis in Apua, in thit, 
although he examined consecutive geuexations and 
found them always female, he could not be sure that 
males had not been present before he took his speci- 
mens, and had not died and decomposed after having 
fertUised the females. To meet such an objection, he 
firstly made himself thoroughly acquainted with the 
maie generative organs and the spermatozoa, and 
secondly with the ovaries and their development. Ho 
found the spermatozoa to be motionless like thone of 
other Crustacea, and he never succeeded in detecting 
any of them in the female genitalia amongst the 
specimens belonging to supposed female gc-ueratioas. 
But he equally failed to find spermatozoa or a recep- 
tacle for them iu the female genitalia of the specimens 
of mixed generations, and therefore no conclumon 
could be drawn from the observation. The structnre 
and development of the ovum, however, made this 
observation decisive, since it woa found that au e^- 
shell forms round the ovum in the uterus, and, in tJie 
absence of a micropyle, fertilisation, if it takes place 
at all, must be accomplished before thin shell is hard- 
ened, A further proof of another kind was obtained 
by experiment. Having removed eggs from femaloa, 
which certainly at the time contained no spermatozoa, 
Siebold placed them iu u, small tank, and from thuM 
obtained Apus-embryos. Otlicrs were reared to matur* 
ity from eggs taken in the pond. 

The relative aize of male and female ia a queeitiou 



PARTHENOGENESIS 






about which there is some interest; difi'erences which 
havL- bccu oljserved seem to depend on this, tliat 
vVpuB continues growing us long aa the pond in which 
it lives does not dry up, and hence the eggs which 
haurh Hoouest give the hirgest-sized progeny. In his 
tabular statements SieboKl gives measurements of the 

imens examined by him at different times from 
ious localities. 

A few words must lie 8M.d here upon the very 
extraordinary history of the ovum of Apus made out 
by Siebold, the structures being identical, whether 
the female examined belonged to a parthenogenetic 
or digenetic brood. Thi? essential female organs of 
reproduction in Apus may be roughly dest^ribed as 
two large tubes placed on cither side of the alimentary 
canal, opening externally at the posterior end, and 
^ving off towards the other end primary and second- 
ary branches. On the ends of these short secondary 
branches are situated the e^ follicles. Four cells 
appear in eat^h egg follicle in a very early stage of its 
development, and one of thcs« takes on more rapid 
growth — becoming the egg- cell — whilst the others 
disappear as deutoplasmogen or vitellogenous cells; 
the egg then acquires some size and a red colour, and 
has a visible germinal vesicle. But such eggs are 
1 smaller than the eggs observable in the main 
of the ovarian tube, and this apjiears to be the 
BtartUiig t'xphmation. 'ITie eg^ escape from 
follicles as a matter of course, and pass along 
lal leading from it to a primary branch of the 

inn tulw, and there two and sometimes three of ' 



these eggs/use into one mass, around winch & aheU is 
secreted, and wLicli thus forms the actual egg — reailj 
a threefold egg ; and fi-om such a wtinderfully fomied 
egg ouly one emliryo develops. Unfortunately wc 
are not told wliat becomes of the germinal vesidfis ; 
according to the drawings they seem to disappear at 
tills stage. Siebold appears to have convinced him- 
self that the fusion is a normal thing, and not doe 
to any pressure or osmotic action taking place daring 
the microscopical examination. The simclure of the 
ovary of Apus is figured in a plate. 

As to the other crustaceans named, which are 
Artemia salina and lAimiadia Hrrmanni, the occur- 
rence of parthenogenctic broods is inferred from the 
descriptions of other writers whose works are criti- 
cised at some length, and also from examination of 
specimens. It seems not impossible from an obsem- 
tion of Zenker that in A rtemia salina parthenogenctic 
alternate with digenetic broods. In the beginning of 
the year 1851 this observer found three males among 
one hundred femiUca, later in July the same pond 
furnished thousands of females, but not one male. 

In conclusion. Professor Siebold, whilst adopting 
Lrfjuokart's term " Arrenotoky," to designate the 
phenomenon of the partheuogcnctiu production of 
male offspring, as seen in the 1 lymenoptera, propoHes 
the parallel terra, " Thclytoky," for the parthenogenetic 
produutiou of female offspring as demonstrated now 
coucluaively in some Lcpidoptcra and Crustacea. 
It seems to us that a third term should ahw be avail- 
able for the case of nujcud ofDipnng (that is, of two 
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b) BUch 88 "Amphotoky"; and the terms need 
be limited to parthcoogenetic caw-a. In liia coD- 
clndiug remarks, whilst repeating the expression of I 
his conviction that parthenogenesis will be found I 
more and more to be of frequent and fixed occurrence 
in vtiriouB classes of animals, Siebold alludes with 
caution to the list of cases iii which parthcnogeuesis 
\» stAted to occur, given by Gerstaecker in Bronn's 
CloJtgen u}id Ordnitngen dt-n Tkierrfichs. Ger- 
staecker rightly enough distinguishes cases in which 
parthenogenesis has been obser^'ed as an accidental 
and rare exception, and those in which it has a 
definitely recurring place. Siebold considers (and 
after the great pains he has himself expended on the 
cases recorded in this book, he is fully warranted in 
so doing) that many of the examples put forwartl by 
Gcr«taccker require a more careful testing, and he 
offers some rcmarki^ on parthenogenesis in the gall- 
flies, and in the silkworm moth. Finally, he alludes 
to caseit among Vertel>rates in which indications of a 
power of <levelopuient in the egg, independent of the 
niule element, have been observed. The most remark- 
able of these is that cjuoted by Leuckart in hi« work 
alreafly r-ite<l, which Siel>uld omits here, but has done 
juBticf to in tlip short MUpplcmentary japer read at 
^thp Munich Academy since the publication of this iKwk. 
^^V 1844 Professor Bischoff found ova in the uterus 
^^Bru imimprcgnated sow, which exhibited scgmcnta- 
1 Son of the yelk, some into two and four, and others 
into sixteen and twenty divisions. Other ca^ea hero 
L^aMn ar« as follows : tu the oviduct of uthrec>ya|H|^ 



rabbit, thoroughly separated pathologically from tlie 
uterus, Professor v, Hensen of Kiel found ova in varioua 
stages of yelk-division, aud some of their cells hod 
even advanced into a branched condition. Dr. 
Oellacher of Innsbruck has observed stages of yelk- 
diviaion in unfertilised hen's eggs. In fishea, in 
1859, Agasaiz observed yelk-division occurring in die 
eggs of Gadidffi, whilst yet in the ovary, and con- 
sidered it to be due to impregnation, even stating 
that he had seen certain fishes place themBcIvca in 
such a position as to favour this supposed intra- 
ovarian fertilisation. Burnett has since investigated 
the case, and concludes that tlie yelk-division i» 
independent of fertilisation, a supposition which U 
rendered in every way probable from other researches 
on the fish egg ; but, curiously enough, Dr. Bumett 
thinks these eggs should be regarded as " germs,'' and 
not as " true eggs," an opinion to which Siebold, of 
course, is completely opposed, and one which, in in- 
vertebrate cases, has been shown to be untenable. 

Siebold does not allude to those cases of ovarian 
cysts found occasionally in the unfertilised human 
female, and containing hair and teeth — a phenomentm 
which we should be glad to ace further iliscuMsed and 
investigated, since, as far as we can remember, the 
origin of the contents of such cysts from irregularly 
developing ova is probable. The eel is suggested us 
a possible parthenogenctic vcrtcbrat'C. It is a very 
strange fact tliat we are still ignorant of the ripe eggs 
and embryos as well as uf the males of the eel, even 
as in the time of Aristotle. With the foUon'ing words 
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of that great naturalist, addressing them to those 
who still refuse to accept the existence of Partheno- 
genesis, Siebold ends his book : '^ More belief must 
be given to observation than to theory, and this last 
is only worthy of belief when leading to the same 
result as experience." 



VIII 
A THEORY OF HEREDITY 



A Review of Haeckel's Pahphlet entitled PERioRyBsrs dbr 
Plastidvlb, From Natvrk^ 15th July 1876. 




are M 
■beck 

of llir 
aliall 



THEORY OF HEREDITY 



UsDER the title "Perigenesis der Plastidule <Kler 
die \Vellen2eugiing der Lebenatheilrhcu," Professor 
■kcl has published quite recently a pamphlet con- 
,g aa attcmj>t to furnish a nieohauical explanation 
oT the elemeutaiy pheuoDieua of reproduction which 
aliall ln! more satisfnctory than Jilr. Darwin's ingenious 
id Well-known theory of PaugeuusLs. 1 shall en- 
bVoor to show that Professor Haeckel's theory is 
itially that with which both English and German 
rtadenta of M r. Herlwrt Spencer's works have long l>een 
familiar; and that it does not furnish a clearer explana- 
tlian does Mr. Darwin's Pangenesis, of tlie special 
of heretiity which Mr. Darwin had in view, 
Haeckcl commences with a verj' concise statement 
'hat is at present known as to the visible compo- 
of " plaatids," those corpuscles of life-stuff called 
by Schleideu and Schwann, " elementary 
us " by Bnicke, " Ufe-unita " by Darwin. Meet 
ids possess a differentiate*! central kernel or 
I, which again possesses one or more nucleoli. 
sabstance of whieli the bofly of such a nucleated 
ur true cell is mainly conipcjeed is generally 
•D by von Mohl's term, " prot^plasma." Haeckel 
to distinguisli the substance of the nucleus 



274 A THEORY OF HEREDITY VIII 

by the name '^coccoplasma." In the simplest fonn 
of plastid, the "cytod," which is devoid of nucleus, 
and is exhibited by those lowly organisms known as 
Monera, by the young Gregarina (Ed. van Beneden), 
by the hyphse of some Fungi, and by the ripe egg of 
all organisms (if we may judge from the results of the 
most recent researches), coccoplasm and protoplasm 
are not differentiated, but exist as one substance, 
which Haeckel, following Ed. van Beneden, distin- 
guishes as '^plasson." Whether these distinctions 
have a real value or not, is of no moment for the 
question in hand. It is a widely-accepted doctrine — 
in fact, the fundamental generalisation on which 
Biology as a science rests — that the excessively com- 
plex chemical compound which forms the substance 
of phistids or life-units is the ultimate seat of those 
phenomena or manifestations of energy which distin- 
guish living from lifeless things — to wit, growth by 
iutus-suseeption, reproduction, adaptation, and con- 
tinuity or hereditary transmission. Leaving Professor 
llaeckers pamphlet for a time, let us go back thirteen 
voai*s. 

As long ago as July 1S63, Mr. Herbert Spencer, 
in his Principle.^ of Biologt/, pointed out at consider- 
able length (vol. i. p. 181) that the assumption of 
definite forms, and the power of repair exhibited by 
orofinusnis, is onlv to l>e brouijht into relation with 
other facts (that is to say, so far explained) by the 
assumption that certain units eomjH>sing the living 
substance or protoplasm of cells jkvs^^ss " j^olarity " 
similar to, but not identic;d with, that of the units 
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^^^Bch build up crystals. Mr. S[)eQcer 19 careful to 
^^^bam that by the term "polarity" we mean simply 
^^Havoid a circuitous expression, uiuncly, the still 
^^HniiiUined power which tliese units have of arrong- 
ing theujselves into a special fomi. lie tlieu points 
oat that the units in question cannot be the molecules 
of the proximate chemical compoumls which we obtain 
from protoplasm — such as albumen, or fibrin, or gela- 
tin, or even protein. Further he shows that they 
cannot be the cells or morphological units, since such 
organisms as the Rhizopods are not built up of cells, 
and since, moreover, " the formation of a cell is to 
some extent a manifestation of the peculiar ]>uwer" 
auder consideration. " If then," he continues, "this 
organic polarity can be possessed neither by the chemi- 
cal units, nor the morphological units, we must con- 
i possessed by certain intermediate units, 
1 we may term physioloffical. There seems no 
tativQ but to sup{K>se that the chemical imits 
bine into units immensely more complex than 
iselves, complex as they are ; and that in each 
nism, the ])hysiologiL-ul units produced by this 
tier compounding of highly comi>ouud atoms. Lave 
u or less distinctive character. We munt con- 
! that in each case, some slight difference of 
wition.in these units, Icatling to some alight 
ttfTcrcuce in tlieir mutual play of forces, produces a 
! in the fonu which the i^gregate of them 



r on Mr. Spencer applies the hypothesis of 
BologiuU units to the explanation of the phenomuna 
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of heredity, introducing the subject by the following 
admirable remarks, which appear to me to assign in 
the most judicious manner their true value to such 
hypotheses and to be as strictly applicable to later 
speculations as to his own. " A positive explanation 
of heredity is not to be expected in the present state 
of biology. We can look for nothing beyond a simpli- 
fication of the problem, and a reduction of it to the 
same category with certain other problems which also 
admit of hypothetical solution only. If an hypothesis 
which certain other widespread phenomena have 
already thrust upon us, can be shown to render the 
phenomena of heredity more intelligible than they at 
present seem, we shall have reason to entertain it 
The applicability of any method of interpretation to 
two different but allied classes of facts is evidence of 
its truth. The power which organisms display of 
repixnlucing lost parts, we saw to be inexplicable 
oxoopt on the assumption that the imits of which any 
orjxanism is built have an innate tendency to arrange 
tluMusolvos into the shape of that organism. We 
inforivd that those units must be the possessors of 
special |x>laritios, resulting from their special struc- 
tun\^ : and that by the mutual play of their polarities 
thoy an^ oouiivlKnl to take the form of the species to 
Nvhiv h thov IvloiiiT. And the inst;\nce of the Begonia 
pKy'jnii'.io.oi U:*t us no csoape from the admission 
that the alnlirv thus :o arrauiie rhrms^lves is latent 
lu tho uui:s ir. cvcrv ui:o.:nVr\:i::.^:iAi t.-elL . , , The 
asc>uiu^::ov, :o whi^h wo s<h>ii: ^Irivoii bv the eiisemble 
\>f rho ovidoiKw is :hii: sixnn-o^lis Jkcd s^rm-oeUs 
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B essentially notliiug mora than vehicles, in which 

e cootfl-ined small groups of the physiological units 

t fit state for obej-iiig their proclivity towards the 

vctural arrangerueut of the species they Itelong to. 

If the likeness of offapriiig to pareuts is thus 

bcrmincd, it hecomes manifest, a priori, that besides 

J trausmisfiiou of generic ami specific peculiarities, 

i will bu a trausmission of those individual penuli- 

i which, arising without assignable causes, arc 

»ed as 'spontaneous.' . . , 

" That changes of structure caused by changes of 

tion muat also be trauainitted, however obscurely, 

, one generation to another, appcai-s to be a dc- 

tion from first principles — or if not a specific 

dnctioQ, still, a general implication. . . . Bringing 

equ«stion to it» ultimatu and simplest form, wc may 

uy that us on the one hand physiological units will, 

because of their special pol.irities, build themselves 

Into on organism of a special structure, so on the other 

, if the structure of this organism is modified by 

dificd function, it will impress some corresponding 

dification on the structures and polarities of its 

The units and the aggregate must net and 

; on each other. The foi-ces exercised by each 

t on the aggregate, and by tlie aggregate on eacli 

, must ever tend towanlH a balance. If nothing 

rvents, the units will mould the aggregate into a 

1 in equilibrium with their pre-existing polarities. 

\ ooutrariwise. the aggregate is made by inciiU-nl 

1 to take a new form, its forces must tend to 

dd the unitji into hamionv with this new form : 



anJ to Bay that the physiological unite arc in auy 
degree so re-moulded as to bring their polar forces 
towards equilibrium with the forces of the modified 
aggregate, is to say that when separated in the shftpe 
of reproductive centres, these units will tend to bufld 
themselves up into au aggregate modified in the same 
direction." (P. 25G.) 

Thus, then, Mr. Herbert Spencer definitely assumes 
an order of molecules or units of protoplasm — lower 
in degree than the visible cell-units or plastidn — to 
the " polar forces " of which and their modification by 
external ageucies and interaction, he ascribes the ulti- 
mate responsibility in reprodurtion, heredity, nnd 
adaptation. 

I am unable to say whether Mr. Darwin was ac- 
quainted with or had considered Mr, Herbert Spencer's 
hypothesis of physiological units, when in 1868 he 
published his own provisional hypothesis of Pflngcncisis. 
But an examination of the bearings of the two hypo- 
theses shows that the former does not n-nder tlie latter 
sujjerfluous, nor is the one inconsistent with the other. 
Mr. Darwin wished to picture to himself and to enaUo 
others to picture to themselves a process which would 
account for (tliat is, hold faigcther and explain) not 
merely tho simpler facts of hcreditarj' transmiKsion, 
but those very curious though abundant cases in which 
a character is transmitted in a latent form and at last 
reuppcurs after many generations, such cases heang 
known as " atavism " or " revei-sion " : and again those 
^MQB of latent transmission in which tiharacteristies 
^^Bfial to the male are Cranauutted to tbu male uff- 
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^^^■Ug tUroagb the female parent without bciug matii- 

H^^P in her ; and yet agaiu the Appearance at a particu- 

"^^ar period of life of characters iaherited and remaining 

latent in the young organiBm. According to the 

hypothesis of paugenesis, " every unit or cell of the 

body throws off gemmules or undeveloped atoms, 

which an- transmitted to the offspring of both sexes 

and Jirc multiplied by self-division. They may remain 

undeveloped during the early years of life or during 

saccessive generations ; their development into units 

or celU, like those from which they were derived, 

depending on their afiiuity for, and miion with, other 

units or cells previously developed in the due order of 

j^mowth." 

^^^Kln an essay ("Comparative Longevity," Macmillao, 

^^^■0, p. 32) published six years ago, I briefly sug- 

^^pned the possibility of combiuiog Mr. Herbert 

Spencer's and Mr. Darwin's hypotheses tlms : "The 

■attnce of the same material gemmule and the 
increase in the number of gemmules, and codbc- 
dy of material bulk,' make a material theory 
nit. Modified force -centres, becoming further 
modified in each generation, such as Mr. Spencer's 
physiological units, might be made to fit in with Mr. 
Oarwio's hypotlu'sis in other resiHJcts." In fiict, in 
place of the theory of emission from the constituent 
cells of an organism of material gemmules which cir- 
rte (hrongb the system and affect every living cell, 

n tht* •utjfct Mw Ur. Sorby'R neont PrMldcntial Addrai to Uiu 
I HkroMiopica] Sodstjr, tu the Qiwrtcrly Jcwmat ff JfitrMeoptMi 
I, Afril 1?T« 
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and accumulate in spenn-cells and germ-cells, we may 
substitute the theory of transmission of force, the two 
theories standing to one another in the same relation 
as the emission and undulatory theories of light. 

It may, however, be very fairly questioned whether 
our conceptions of the vibrations of complex molecules, 
or in other words, their force-aflfections, are sufficiently 
advanced to render it desirable to substitute the 
vaguer though possibly truer undulatory theory of 
heredity for the more manageable molecular theory 
(Pangenesis). How are we to conceive of the propa- 
gation of such states of force-aflfection or vibration 
(as they are vaguely termed) through the organism 
from unit to unit ? In what manner, again, are we 
to express the dormancy of the pangenetic gemmules 
in terms of molecular vibration? It is true that 
molecular physics furnishes us with gome analogies in 
the matter of the propagation of particular states of 
foiro-atFectioii from molecule to molecule, as, for 
example, in the various modes of decomposition ex- 
hibited bv ix^in-cotton, in contact actions and the 
like ; but it will require a very extended analysis of 
both the phenomena of heredity and of molecular 
phonomona similar to those just eited, to enable us 
to suporsodo the adniittetUy provisional hypothesis of 
Pangonosis In- a hypothesis of vilmirions. And it is 
luvossiirv here ti> remark that in the fuiulami.'ntal 
ooiu'option of Pangenesis, namely, the detachment 
fi\nn the liviuij colls of the orejuiism o{ ixemmules 
which then oireulato in x\w onranisni, there is nothing 
contrary to analoirv. but rather in ao<.\>rvianoe with it. 
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I quite certain that in some infective diseases the 
ntagion is spread by specific mattirial particles. 
i seems to be establish ud, although it is far &om 
tied OS to whether these particles are parasitic 
[anisms or portions of the diseased organism itself. 
tr. Oarwiu's paugenctic gemmules may, even if not 
feumnlated and transmitted from generation to 
leration, be called upon to explain the solidarity of 
I constituent cells of one organism ; they may be 
mmed as agents <»f a peculiar kind of infection,' by 
i of whifh the molecular condition or force- 
ffection of one cell is communicated to others at a 
distance in the same oi^anism. It is difficult without 
Some such liypothesie of an active material exchange 
[ living molecules between the various celts of the 
tiy, to conceive of the way in which "change is 
iDpagated throughout the parental system," or a 
dilied parti is to "impi-ess some correspmding 
fication on the structures and polarities " of dis- 
> units, such, for example, as those contained in 
I uanunaliuu ovum. 

|)n the human ovary no egg-cells are produced 

■ the age of two and a half years. Each of the 

any hundred eggs there contained reposes quietly 

in its follicle, whilsit the growth and development of 

o^er organs is proceeding. Then a renewal period 

tctivity for the ovary commences, but the majority 

t It i* « itrikiiiK «ieinpli(i<»tiim or the miitj- of biological mjcdco 

• (honlil han tu look Ui Uie ittthulotclit Tor the next aU-'p in 

I of ipvculBtioD, and Umt r«rnifenUtioiia, plio«i>hi>raiocn<v, 

1 barmlity, ■bimld he idtiinllaiicoitilj^ rtuilioil fmm a commati 

b of rlev with pcTckulngy. 
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of the originaJly-fomied egg-cells retain tlioir vitality 
and form-individuality for more than forty years. 
How, we may ask, during that time are they subjected 
to the influence of new polar forces acquiretl by the 
other units of the body ? We know that they are so 
impressed, or have such influences propagated to them.' 
la it by " action at a distance," or by the contact notion 
of circulating infective gemmnles * 

Such being the state of speculation, in England at 
any rate, with regard to the mechanical explanation 
of heredity, we return to Professor ilaeckers recently 
enunciated theory of the Perigenesis of pla^tidules. 

It is cleiU", to begin with, tliat Professor Ilaeckel 
has either never studied or has forgotten Mr. Herbert 
Spencer's writings. His attempt to substitute sonic- 
thing better for Mr. L^arwin's provisional hypothesis 
of Pangenesis^ as he tflUs us, ha^ its origin, to a great 
extent, in the admirable popular lecture of Professor 
EwaUi Heriug of Prague, " Uber das Gediichnuss nU 
cine allgcmeine Function der organisirten Materie" 
[On Memory as a General Function of Oi^anised 
Matter], published in 1870, and to some extent, 
including terminology, is based on an essay by Elsbei^, 
of New York, published in the Pivceedings of the 
jVmerican Association, Hartford, 1874. With the latter 
of these publications 1 am only acquainted through 
Professor Hfte<;ker8 citations, but with tJie fonnur at 
iirst hand. Professor Heriug gives a brief outline, in 
the lecture in question, of die fundamental doctrine 
of physiological psychology*, which had been prerioudy 

' Sec oute uu l<a^ S86. 
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I bed out to its consequences on an extensive scale by 
I Herbert Spencer. Professor Hering has the merit 
pntioducing some striking- phraseology into his 
■tment of the subject, which serves to emphasise 
B leading idea. He points out that since all trans- 
luiasioD of " qualities " from cell to cell iu the growth 
{ repair of one and the same organ, or from parent 
fispring, i^ a transmission of vibrations or affections 
laterial particles, whether these qualities manifest 
lelvca as form, or as a facility for entering upon 
Wen series of vibrations, we may speak of all such 
Bomena as " memory," whether it be the conscious 
pory exhibited by the ner^'e-cells of the brain or 
BUQconscious memory we call habit, or the inherited 
^einor>' we call instinct ; or whether again it be the 
, jceproduction of parental form and minut« structure, 
jually may be c-alled " the memory of living 
r," From the earliest existence of protoplasm 
: present day, the memory of living matter is 
inuoue. Though individuflls tUe, the universal 

of living matter is still carried on. 

professor Hering, in short, helps us to a comprehen- 

I conception of the nature of heredity and adaptation 

living us the terra " memory," conscious or uncon- 

18, for the continuity of Mr. Herbert Speucer's 

^ forces or polarities of physiological units. 

laberg appears (though this is only an inference 

part) to be acquaintt-d witli i!r. Herbert 

I hypothesis of physiological units. Adopt- 

kel's useful t 




" plastid " 



!orpus«le 



1 (cell or cytod), he designates the physio- 
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logical unite " plastidules," a name which Hoeckel has 
accepted, aod which ma,y very possibly he found per- 
manently useful. But Elsberg doca not appear » 
have helped on the disc-ussiou of the subject to a great 
extent, ainoe he proceeds no further than \s implied 
in adopting Mr. Darwin's theory of Pangeueais, wliil^l 
substituting the "plastidules" for Mr. Darwin's 
'■ gemmules." It appears to me that Elsherg in his 
combination of the Speucerian and Darwinian hypo- 
theses, has omitted the sound element in the latter, 
and retained the more questionable. He should hnvc 
conjoined Mr. Herliert Spencer's conception of " plasti- 
dules " — possessing special polarities or force affectiuDS 
which they are capable of propagating as changes of 
state (i.e. force-waves) to associated plastidules, and 
BO to oftspriug — with Mr. D:u'win's com'e])tion of a 
universal and continuous emission of sueh changiM 
from all the cells of an organism, and the frequent 
occurrence of a persistently latent condition of those 
changes — a condition which Hering's happy use of 
the term "memory' enables ns to illustrate by the ^ 
analogous (or we should rather siiy identical) " hitent " . 
or " dormant condition " of mental impreHsious. 

This is, in fact, the position which Professor Haeickel 
takes up — though independently of what Mr. Spencer 
lias written on the subject, excepting no far as the 
influence of the latter is to be tmccd in Ebiberg'^ 
essay. For ilaeckel. living matter, protoplnsoi, or , 
phuison consisia of definite molecules — the pbstidulBS 
— which cannot bo divided into flmallur plastiduloi, ' 
but can only be split into lower chenuBol oiimpouuds. 
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Kt Sir. Spencer calls polarities or polar forces 
ikel speaks of ns "uudulatory movements" — a 
}ol which has the advantages and disadvantages 
aalogy. but which, Uke " polarity," is only a 
MTiuool, and covers our incapability of conceiving 
more definitely the character of the phenomcuon It 
designates. The undulatory movement of the plasti- 
dules is the key to the mechanical explanation of all 
the essential phenomena of life. The plostidulcs are 
liable to have their undulations affected by every 
external force, and once modified the movement does 
not return to its pristine condition. By assimilation 
they eoutinuall)' increase to h certain point in size, 
^^md then divide, and thuis perpetuate in the undulatory 
^^^wement of successive generations the impressions 
^^^■esultants due to the actiou of extcruiU agencies on 
111 jndividual plaatitlules. This is Memory, All plasti- 
dnles possess memory — and Sl^^niory, which we see in 
I aliimate analysis is identical with reproduction, is 
I distinguishing feature of the plastidulc ; is that 
ich it alone of all molecules pOBSesses in addition 
^e ordinary jiroperties of the physicist's molecule ; 
1 fiict that which lUstinguishes it as vital. To the 
litivcucss of the movement of plastidules is due 
[ability — to their uuroneeious Memory the power 
Hereditary Transmission. As we know them to-day, 
tlicy may "have learnt little And forgotten nothing" 
i one organism, " have leamt much and forgotten 
b " in anotlier, but in all, their Memory, if ■■ ■' 
I fragmentary, yet reaches Wck to tlie iho, 
Ion the eartli. 



NOTE 

The two preceding essays give an account of researches 
and speculations which have a historical value for the 
philosophic biologist. In both of these articles the 
reader wiU find evidence of a belief on my part in 
" the transmission by heredity of acquired characters/' 
This belief is one which I now think is not justifiable. 
Some of the questions connected both with Partheno- 
genesis and Heredity have been elucidated in a masterly 
manner by August Weismann of Freiburg, whose 
essays recently published by the Oxford University 
Press cannot be too carefully studied by naturalists. 

15th Maucii 1S90. 



IX 



THE HISTORY AND SCOPE 

OF ZOOLOGY 



From the Ninth Edition of the Esctclopjsdia Britasmca 




HISTORY AND SCOPE OF ZOOLOGY 

I hrancb of science to wliiuli the name Zoology in 
Btricdy applicable may be defined as that portion of 
Biology wliich relates to animals, as diatinguisbed from 
t portion wldcli is concerned witli plants. 
I The science of Biology itself has been placed by 
\, Herbert Spencer in the group of concrete sciences, 
I other groups recognised by that writer being the 
(Btmct-concrete" and the "al»tract." The ab- 
ict sciences are Logic and Matheniatica, and treat of 
j blank forms in which pheaomena oc^ur in relation 
Itime, space, and numl)er. The abstract-concrete 
mccs are Mechanics, Physics, and Chemistry. The 
) assigned to them is justified by the fact that, 
1st their subject-matt£r is fonnd in a consideration 
iried concrete phenomena, they do not aim at the 
Emanation of cx)mplex concrete phenomena ns such, 
t at the determination of certain " ulistract " (^oanti- 
rre relations and sequences known as the " laws " 
mechanics, physics, and chemistry, which never art- 
nested ill a pure foi-m, but always are inferred by 
■ntiou and Kxpuriment upon complex phenomcim 
rhich thu abslract laws are disguised by their 
ItlUneous interaction. Tlie group of codoi 
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sciences includes Astronomy, Geology, Biology, and 
Sociology. These sciences have for their aim to "ex- 
plain" the concrete complex phenomena of (a) the 
sidereal system, (b) the earth aa ii whole, {i!") the living 
matter on the earth's surface, (</) human societ)*, by 
reference to the properties of matter set fortli in 
the generalisatioDs or laws of the abntract- concrete 
sciences, i.e, of mechanics, physics, and chemistry. 

The classification thus sketched exhibits, whatever 
its practical demerits, the most important tact with 
regard to Biology, namely, that it is the aim or busi- 
ness of those occupied with that branch of science to 
assign living things, in all their variety of form and 
activity, to the one set of forces recognised by iht 
physicist and chemist. Just as the astroiiotucr no- 
counts for the heavenly bodies and theii- movements 
by the laws of motion iind the property of attraction, 
as the geologist explains the present state of the earth's 
crust by the long-continued action of the same forces 
which at this moment are studied and treated in the 
form of " laws " l>y physicists and chemists, ho tlu 
biologist seeks to explain In all its details the long 
process of the evolution of the innumerable forms of 
life now existing, or which have existed in the past, 
as a necessary outcome, an automatic product, of tliCH 
same forces. 

Science may be dcHimd as the knowledge of catnn; 
and, so long us Biology was not a conscious attempt 
to ascertain the causes of living things, it ouuld not 
be rightly grouped with other branches nf scienec 
For a very long peritKl the two parallel diriaiiuia of 
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Biol<^-, — Botany and Zoology, — were actually limited 
to tlic Hccumulation of observations, whioli were noted, 
tabulated, and cuntemplated by the students of these 
subjects with womier and delight, but only to a limited 
extent an«! in restricted cliisaes of facte with any hope 
*ir iut^^'iitiou of connecting the pheuumfua observL-d 
with dw great nesus of physical sequeuoe or causa- 
tion. A vague desire to aj^tgu the forms and the 
activities of living things in all their variety tu general 
causes has always been prest'ut to thoughtful men 
{torn the earliest times of which we have record, but 
the earlier attempta in this ilirtjction were fantastic in 
the extreme ; and it is the aiere truth that, at the 
tim e when the phenomena of inorganic nature had 
I recognised as the outt-ome of uniform and cou- 
nt properties capable of analysis and measurement, 
things were still left liopelessly out of the 
a of explanation, the earlier theories having been 
1 and nothing as yet suggested in their place, 
e history of Zoology its a acieuce is thorufore the 
Y of the great biological doctrine of the evolution 
things by the natural selection of varieties 
3 struggle for existence. — since that d<K-trine Ja 
! ruedium whereby all ihu phenomena of life, ' 
r of form or function, are rendered capable of 
ination by the laws of jjhysicjs and chemistry, 
\ 00 made the subject-matter uf a true science or 
By iif causes. A history of Zoology must take 
nt of the growth of those various kinds of infor- 
1 regani to animal life which have licen 
Q j>ast ages througb the laboun of a long 



series of aixieut lovers of natui'e, who in esch succeed- 
ing period have more aad more carefully and accurately 
tested, proved, arranged, and tabulated their know- 
ledge, until at last the accumulated lore of ceuturies 
— without the conscious act of its latest heirs oud 
cultivators — took the form of the doctrine of desceut 
and the filiation of the animal series. 



General Historical Sketoi 
There is something almost pathetic in the childish 
wonder and delight with which mankind in its earUer 
phases of civilisation gathered up and treasured stories 
of strange animals fi-om distant lands or dui-p aeaa, 
such as lare recorded in the Physiologus, in Albci'tus I 
Magnus^ and even at the present day in the popuJat 
trcatisefe of Japan and China. That omnivoroua uni- 
vei-sally credulous stage, which may be called the 
"legendary," was succeeded by the age of collectors 
and travellers, when many of the strange storieH he- 
lieved in were actually demonstrated as tnie by the 
living or preserved trophies brought to Europe by 
adventurous navigators. The possibility of verifica- 
tion established vei-ification as a habit ; and the 
collecting of things, instead of the accumulating of 
reports, developed a new faculty of minatc ohser?B- , 
tion. The early collectors of natural curiositiua we« j 
the founders of zoological science, and to this day tht ] 
naturalist-traveller and his correlative, the muMtun 
curator and systcmatist, play a moat important piut 
in the progress of Zoology. Jndeed, the lustorioil and 
present importance of this aspect or branch of xoolo- 
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gical Bcieoce is so great that the name " Zoology " has 

L ■ aat il rwrently Injen associated entirely with it, to the 

^^Hflimon of the study of minute auatotuical structure 

^^Bt function which have been distinguished as Ana- 

^^Bo' and Physiology. It is n curious result of the 

^^^■s of tlie iiistoric.il progre»!H of the tuv-o ilivifiioiis uf 

P^Wogical science thut, whilst the word " Botany " has 

always been understood, and is at the present day 

understood, as embracing the study, not only of the 

J forms of plants, their systematic nomenclature 

I dnsaificatiou, and their geographical distribution, 

I also the study of their minute structure, their 

of nutrition and reproduction, and the mode 

tction of the mechanism furnished by those organs, 

word " Zoology " has been limited to such a kuow- 

I of animals as the travtdling sportsman could 

aire in making his collections of skins of beasts 

[ birds, of diied insects and molluscs' shells, and 

R knowledge as the museum curator could acquire 

Ibe examination and classification of these portable 

Anatomy and the study of animal mechanism, 

iRUiual physics, and animal cheraistr)-, all of which 

form jwrt of a true Zoology, have been excluded from 

Ktisual definition of the word by the mere accident 

I the zoologist of thi- last three centuries has had 

■museum but has not had his garden of li\ing 

tnena as the botanist ho^ had;' and, wliilst the 

« nedinvml attitails towuda bath pluite anrl suidiaIji bacl no 

> ml knuwipdgi!, tmt wu jwrt of a pwuliju- aiid in itteir 

IK myiticiiun. A Euibwtio uul dnbamte iloctTina nf 

) txiHtd wbioU MUBpriiwJ til nolnra : witckonA, nldwmjr, 

« wen iu imwtjeal oipinwinn^ Anuub w wnU u 
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zoologist has thus for a long time been deprived of 
the means of anatomical and physiological study — 
only supplied within the past century by the method 
of preserving animal bodies in alcohol — the demands 
of medicine for a knowledge of the structure of the 
human animal have in the meantime brought into 
existence a separate and special study of human 
Anatomy and Physiology. 

From these special studies of human structure the 
knowledge of the anatomy of animals has proceeded, 
the same investigator who had made himself acquainted 
with the structure of the human body desiring to 
compare with the standard given by human anatomy 
the structures of other animals. Thus Comparative 
Anatomy came into existence as a branch of inquiry 
apart from Zoology, and it is only now, in the latter 
part of the nineteenth century, that the limitation of 
the word ** Zoology " to a knowledge of animals which 
expressly excludes the consideration of their internal 
struelure has been rejected by the general consent of 
those eonoerned in the progress of science ; it is now 
generally recognised that it is mere tautology to speak 
of Zoology ami Comparative Anatomy, and that our 
museum naturalists must srive attention as well to the 
inside :u^ to the outside of animals. 

The Anatomv imd Phvsiolosjv of plants have never 
Iven exoluded from the attention of botanists, becxiuse 

w<»ro rt^TvliHl A.< " siiup\^ " anvi us^J in nuxiioino, aiid a knowledge 
of Uiom WAS vAlue\i frv^m ;V.:s |>o:i:i oi view. Pluits wew coUecU^l 
ana culti\'7it*Hi fv>r iiu\liciuAl use ; henct* the phTsic g^niens And the 
K^tAnistV Adv;uil4t:«w 
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I eoatrsst ti) the earlier zoologists they always were 

po88C9sion of the whole liring plant, raised from 

1 if need be in a hothouse, instead of having only 

^ dried nkin, skeleton, or nhell. Consequently the 

tody of vegetable Anatomy and Physiology has grown 

I naturally and in a healthy way in strict relation 

> the rest of botanical knowledge, whilst animal Aoa- 

my and Physiology have been external to Zoology 

i. origin, the product of the raedical profesaion and. 

I a consequence, subjected to a misleading anthropo- 

ntric method. 

Whilst we may consider the day as gone by id 

liich Zoology eould be regarded as connoting solely 

kqiecial museum knowledge of animals (as twenty- 

B years ago was still the case), it itt interesting to 

by the way the curious usurpation of the 

1 " Physiology," which, from having a wide comio- 

tion, indicated by its etymology, — the phj»ioio'jus 

Cthe Middle Ages being nothing more nor less than 

ft tuituralii4t or student of uuture — has in these later 

ys acquired a limitation which it is difficult to 

or explain. Physiology to-day means the 

ndy of the physical and chemical properties of the 

mal or vegelablu body, and is even distinguished 

tlie studv of structure and strictly confined to 

B study of function. It wouM hanlly \k in place 

; to discuBs at length the steps \*y which Physio- 

liecame thus limited, any more than to trace 

B by which the words "physician" and "physicist" 

bhich both mean one who occupies himself with 

■s) have come to siguify respectively a met 



SH THE SESTOBT juto soora sr^worao^^ a 

practitioner and a student of the laws of meclianica, 
heat, light, and electricity (but not of chemistry), 
whilst the word " naturalist " is very usually limited to 
a lover and student of living thingB, to the exclusion 
of the so-called physicist, the chemist, and the aatro- 
uomer. It is jirobable that Physiology aeqaired its 
present signiBeance, viz. the study of the properties 
and functions of the tissues and organs of living things, 
by a process of exteraal attraction and spoliation 
which gradually removed from the original physiologus 
all his belongings and assigned them to uewly-namcd 
and independently -constituted sciences, leaving at 
last, as a residuum to which the word might stiU be 
applied, that medical aspect of life which is concumcd 
with the workings of the living organism regarded as 
a piece of physico-chemical apparatus. 

Whatever may be the history of the word " Physi- 
ology," we hud Zoology, which really started lu the 
sixteenth century with the awakening of the new 
spirit of observation and exploration, for a long time 
running a separate course uninfluenced by the progress 
of the medical studies of Anatomy and Physiology. 
The history of every branch of science involves s 
recognition of the history, not only of other branches of 
science, but of the progress of human society in every 
other relation. The century which destroyed tbs 
authorit}' of the Church, witnessed the discovery of 
the New World, and in Knglaiul pnidueed the writings 
of Francis Bacon is rightly regarded as the utartiog- 
point of the modem knowledge of natunO catisee ut 
science. The true history of Zoology as n science lies 
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ithin tbc three last centuries; and, whilst the 
ories and fables which were current in earlier times 
regard to imiintit life and the various kinds of 
[nals form au injjHjrtant subject of study from the 
int of view of the history of the development of the 
mind, they really have no bearing upon the 
»ry of scientific Zoology. The great awakening 
f western Europe in the sixteenth century led to an 
Itive search for knowledge by means of observation 
[ experiment, which found its natunJ home in the 
nveiBitieg. Owing to tlie conuectiou of medicine 
, these scats of learning, it was natural that the 
w3y of the structure and functions of the human 
tiy and of the animals nearest to man should take 
lot there ; the spirit of inquiry which now for the 
■ tunc became general shnwcd itself in the ana- 
tomical schools of the Italiou universities of the six- 
teenth century, and spread fifty years later to Oxford. 
In the seventeenth century the lovers of the new 
(ophy, the investigators of nature by means of ob- 
ution and experiment, banded themselves into aca^ 
nies or societies for mutual support and intercourse. 
I^ift difficult to exaggerate the importance of the inAu- 
oce which has Iwen excn-iscd by these associations 
upon the progres,? of all branches of science and of Zoo- 
bgy e.<jpecially. The essential importance of academies 
B be found, as L^phice, the great French astronomer, 
( said, "in the philusophie spirit wluoJi develops 
f in them and spreads itself from them as centres 
r an entire nation and all relations. Tbe isolated 
science can give himself up to dogm:if"-^*" 
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without restraint ; he hears contradictions only from 
ufar. But in a learned society the cnnnciatioa of 
dogmatic views leads rapidly to their destruction, and 
the desire of each member to convince the others 
necessarily leads to the agreement to admit nothiog 
excepting what is the result of olpservalion or of 
mathematical calculation." 

The first founded of surviving European academies, 
the Academift Naturte Curiosorum (1G51),' especially 
confined itself to the description and illuBtmtion of 
the structure of plants and aiiimuU ; cloven years later 
(1662) the Royal Society of London was incorporated 
by royal ciiarter, having existed without a name or 
fixed organisation for seventeen years previously (from 
1645). A little later the Academy of Sciences of Paris 
was established by Louis XIV. The influence of these 
great academies of the seventeenth century on tht 
progress of Zoology was precisely to effect that bring- 
ing together of the museum-men and the physicians 
or anatomists which w.is needed for further develop- 
ment. Whilst the race of collectors and syatematwen 
culminated in the latter part of the eighteenth century 
in LiuniBUs, a new type of student made its appcuntoce 
in aui^h men as John Hunter and other anatomists, 
who, not satisfied with the superficial observations of 
the popular " zoologists," set thenwelviis to work to 
examine anatomically the whole animal kingUum, and 
to classify its members by aid of the results of sucb 
profound study. From them we pass to the compara- 

' Tbc Auulvtuia Stsct«tonuu Nalunn «-w fi>uii(lcil ai Na|iki la 
lAOO, but wi« lupprcnvH liv 
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he anatomiste of the nineteenth eeutury and the 
duction of the microscope as a serious iustnimcnt 
f accurate observation. 

The influence of the scientific academies and the 

rit in which they worked in the seventeenth century 

DDOt be better illustrated than by au oxamiiiatiou of 

B early records of the Royal Society of London. The 

tit which animated the founders and leatlers of that 

dety is clearly indicated in its motto " Nullius in 

^ba," Marvellous narrations were not permitted at 

I meetings of the society, but solely demonstrative 

wriments or the exhibition of actual specimens. 

nite rules were laid down by the society for its 

nee. defiigned to ensurt; the collection of solid 

B and the testing of statements embodying novel 

? remarkable observations. Under the influence of 

! touchstone of strict inquiry set on foot by the 

yal Society, the marvels of witehcraft, sympathetic 

■ders, and other relics of mediseval superstition 

ppeared like a mist before the sun, whilst accurate 

trvations and demonstrations of a host of new 

Wndeni accumulated, amongst which were uumeroua 

ntribations to the anatomy of animals, and none per- 

9 more noteworthy than the observations, made by 

e aid of micntscopos constructed by himself, of Leeu- 

ioek, the Dutch naturalist (1683), some of whose 

DOents were presented by him to the societj". 
It was not until the nineteenth century tliat the 
<jpu, Urns early applied by Lecuwcnhoek, Mal- 
i, Hook, and Swammcrdam to the study of noimal 
nctttre, wa.** perfected aa on in.'^trumcnt, and accom- 
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piifllied for Zoology its final and most important 
service. The earlier half of the nineteenth ecutury la 
remarkable for the rise, growth, and full (levelopmcnt 
of a new current of thought in relation to living 
things, expressed in the various doctrines of develop- 
ment which were promulgated, whether in relation to 
the origin of individual aninuda and plant* or in rela- 
tion to their origin from predecessors in past ages. 
The perfecting of the microscope led to a full compre- 
hension of the great doctrine of cell-structure and the 
establishment of the facts — (1 ) that all organisms are 
either single corpuscles (so-called cells) of living 
material (microscopic animalcules, etc.) or are built up 
of an immense number of such units ; (2) that all 
organisms begin their Individual existence as a single 
unit or corpuscle of livitig substance, which multiplies 
by binary fission, the products growing in size and 
multiplying similarly by binary fission; and (3) that 
the life of a multicellular organism is the mum of Uic 
activities of the corpuscular units of which it eousists, 
and that the processes of life must be studied in and 
their explanation obtained from an understanding iif 
the chemical aud physical changes which go on in each 
individual corjiuscle or unit of living material or pro- 
toplasm (cell-thcory of Schwann). 

On the other hand, the astronomical chcorieH of 
devflopment of the solar system from a gaseous con- 
dition to its present form, put forward by Kant and 
by Laplace, had impressed men's minds with the con- 
ception of a general movement of spontaDL^ous progress 
or development in lUl nature ; and, though such iden 
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rere not new but are to l)e found iu some of the 

ncicnt Greek pUilosopbors, yet now for the first time 

ley could be considered with a sufficient knowledge 

i certainty as to the facts, due to the careful observa- 

1 of the two preceding centuries. The science of 

lolog}' came into existence, and the whole panorama 

[ BiKcessive stages of the earth's history, each with 

I distinct population of strange ■■mimals and plants, 

like those of the present day and simpler iu proper- 

s they recede into the past, was revealed by Cuvier, 

;, and others. The history of the cmat of the 

■as explained by Lyell as due to a process of 

• development, in order to effect which he called 

I no cataclysmic agencies, no mysterious forces differ- 

f from those operating at the present day. Thus 

( carried on the narrative of orderly development 

. the point at which it was left by Kant and 

we, — explaining by reference to the ascertained 

} of physics and chemistry the configuratioQ of the 

Ih, its mountains and seas, its igneous and its 

notified rocks, just as the astronomers had explained 

e same laws the evolution of the sun and planeta 

1 diffused gaseous matter of high temi>erjture. 

! suggestion that living things must also be 

jiuded in this great derelopment was obWous. 

Siey had been so included liy poet- philosophers in 

t ages ; they wore so included by many u simple- 

I Btodent of nature who, watching the growth 

;ho tree from the 8i;ed, formed a trne but unverified 

encc in favour of a general process of growth and 

lopment of all things from simpler t>egiiiDti)gft. 
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The deliiy in tbe estalilishracut of the doctrine of 
organic evolution waa due, not to the ignorant and 
unobservant, but to the leaders of zoological and 
botanical science. Knowing aa they did the almost 
endless comple-xity of orgauiu structures, realising m 
they did that man himself with all the mystery of bis 
life and consciousness must be inclnded ia any explana- 
tion of the origin of living things, thyy prt-'ferrod to 
regard living things as something apart from tbe rest 
of nature, specially cared for, specially crejit«d by B 
Divine Being, rather than to indulge iu hypothesefl 
which seemed to be beyond all poaaibility of proof, 
and were rather of the nature of poets' dreams thau 
in accordance with the principles of that new philo- 
sophy of rigid adherence to fact and demonetratioo 
which had hitherto served as the mainsprings of scien- 
tific progress. Thus it waa that the so-called " Natur- 
philosophcn" of the last decade of tbe eighteenth 
century, and theii- successors iu the first (luartcr of 
the nineteenth, found few adherents among the working 
zoologists and botanists. Lamarck, Treviranua, Eras- 
mus Darwin, Goethe, and Saint-Hilaire preached to 
deaf ears, for they advanced the theory that living 
beings had developed by a slow process of transmnta- 
tion in successive generations from simpler ancestor, 
and in the beginning from simplest formless matter, 
without being able to demonstrate any eJEiutiog 
mechanicid causes by whit^h such development muM 
necessarily bo brought about. Thi'y were met iu fact 
by the criticism that possibly such a devulupraent hatl 
taken place ; but, as no one could show as a aimplfr 
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of cibaervation that it had taken place, nor as a 

It of legitiraiito inference thiit it miiM have taicen 

:e, it was quite aa likely that the past and present 

io8 of animals and plants hod been scporutety 

it«tl or individually brought into existence by 

uukuowu aiid iuscrutablf causes, and (it was held) 

the truly scientific man would refuse to occupy 

with such fancies, whilst ever continuing to 

:em himaelf with the observation and record 

indisputable facte. The critics did well ; for the 

fatm-philosopheu," though right in their main 

iption, were premature. 

It was reserved for Charles Darwin, in the year 

i9, to place the whole theory of organic evolution 

new footing, and l>y his discovery of a mechani- 

luao actually existing and demonstrable, by which 

mic evolution must be brought about, to entirely 

change the attitude in regaj'd to it of even the most 

ngid cxpoaeuta of the scientific method. Since its 

publication in 1 839 the history of Darwin's theory 

been one of continuous and decisive conquest, so 

diat at the present day it is universally accejjted as 

tbti central, all-embracing doctrine of zoological and 

lUuical science. 

succeetlotl in eatablishiug the dix;trine of 

ic evolution by the intrwloction into the web of 

zoologiral and botanical sciences of a new science. 

Bubject-matter <»f this new science, or branch of 

science, had been neglected : it did not 

of th« studies of the collector and system- 

vcia it a branch uf amitomv, nor of the 



^wi 3B» mst&Bs MMist Monk -ctiiamaas^^^m 

physiology pursued by medical men, uor again was it 
included iu the field of microscopy and the wjll-thL-ory. 
The area of biological knowledge which Darwin was I 
the first to subject to scientific method and to rendtr, 
as it were, c-ontributory to tlie great Rtreani formed 
by the union of the various branches, the outlines of 
which we have ab^ady traced, is that which relates to 
the breeding of animals and plants, their cuugenital 
variations, and the transmission and perpetuatiou of 
those variations. This branch of biological scieace 
may be called Thremmatology (0pf/ifut, "a thing 
bred "). Outside the scientific world an immeDse 
mass of obst^rvation and experiment had grown np m 
relation to this subject. From the earliest times the i 
shephei-d, the farmer, the horticulturist, and the ' 
"fancier" had for practical purposes made themselves 
acquainted with a number of biological Uws, and 
successfully applied them without exciting moro tliui 
an occasional notice fi'om the academic students of 
Biology. It is one of Darwin's gre-at merits to have 
made use of these observations and to have formu- 
lated theii- results to a large extent as the laws of 
variation and heredity. As the breeder selects a con- 
genital vaiiation which suits Ida requireniunts, And by 
breeding from the animals (nr plants) exhibiting that 
variation obtains a nuw breed specially charactorisoil 
by that variation, so in nature is there a setectitiQ 
amongst all the congenital variations of eatJi genera- J 
tiou of a species. This selection depends on the &ct J 
that more young are born than the natuml -■■-:-■• 
of food will support. Iu consequence ut 
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rths there is a stniggle for existence and a sur- 
J of tlie fittest, and coasequeatly an ever-present 
tily-uctiug selection, which cither maintains 
■ately the form of the species from gCDcratioQ to 
ntion, or leads to its modification in correspond- 
! witli changes in the surrounding circumstances 
1 have relation to its fitness for succesij in the 
gle for life. 

Darwin's introduction of Thremmatology into the 
lotnain of scientific Biology ivaa accompanied by a 
new and special development of a branch of study 
Ich had previously been known as Teleology, th« 
By of the adaptation of organic structures to the 
pee of the organiams in which they occur. It 
pot Imj said that previously to Darwin tliorc had 
1 any very profound study of Teleology, but it had 
I the delight of a certiin type of mind — that of 
llovers of nature or naturalists jxir ex<:elhn<:e, as 
r were sometimes termed — to watch the habits of 
pg animals and plants, and to point out the re- 
LaLle ways in which the structure of each variety 
•ganic life was adapted to the special circuni- 
s of life of the variety or species. The astoniah- 
Pooloncs and grotesque forms of some animals and 
9 wtuch the museum itoologists gravely describwl 
Mint comment were shown by these obser%'cre of 
bg nature to have their significance in the eco- 
py of the organism possessing them : and n general 
inc was recognised, to the efTect that no part or 
Ictare of an organism U without definite u»c and 
„., .)...:.,,..-d by the Cn^n./.r f-- 
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benefit of the creature to which it belongs, or else for 
the benefit, amuaement, or instruction of hia liighcst 
creature — man. Teleology in this fomi of the 
doctrine of design was never very deeply rooted 
amongst scientific iinatomists and aystematists. It 
was considered permissible to speculate eomewhat 
vaguely on the subject of the utility of this or \3tsil 
startling variety of structure ; but few attempt*, 
though some of great importance, were made to 
systematically explain by observation and experiment 
the adaptation of organic structures to particular pur- 
poses in the case of the lower animals and plaDts. 
Teleology had, however, an important part in the 
evelopmeut of what is called Physiology, vir. the 
knowledge of the mechanism, the physical and 
chemical properties, of the parts of the body of man 
and the higher animals allied to him. The doctrine 
of organs and functions — the organ desigue<l tto as lo 
execute the function, and the whole system of oi^;an8 
and functions building up a complex mechanism, the 
complete animal or plant — was teleological in ori^n, 
and led to brilliant discoyeries in the hands of tlie 
physiologists of the last and the preceding century. 
As applied to lower and more obscure forms of life. 
Teleology presented almost insurmouu table difficulties; 
and consequently, in place of exact cx])erimt;nt and 
demonstration, the most reckless though iogcniooa 
assumptions were made as to the utility of the paitu 
and organs of lower animals, which tended to briag 
so-called Comparative Physiology and Teleology g 
ally into disrepute. Darwin's theory had as oi 
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its results thu reformation and rehubUitation of Tele- 

I o tegy. AL-eonling to that theory, every orffun, every 

^But, colour, and peculiarity of an orgaiiisiu, ntust 

^Htkber be of benefit to that organism itself, or have 

^n6een so to its ancestors;' no peculiarity of atructure 

or general conformation, no habit or instinct in any 

nism, can be supposed to exiat for the benefit or 

mscment of nnother organism, not even for the 

Ktation of man himself. Necessarily, according to 

) theory of natural selection, structures either are 

lent because they are selected as useful, or because 

Jiey aw still inherited from ancestors to whom they 

were nsefiil, though no longer useful to the existing 

presentativi's of those ancestors. 

' The conecption thus pat forward entirely re- 

ided Teleology. Structures previously inexplic- 

i were explained as survivals from a past age, no 

jer usefid though once of value. Every variety of 

I and colour was urgently and absolutely called 

upou to produce Ita title to existence either as au 

active uiteful agent or as a 8ur\ival. Darwin himself 

nt a large part of the later years of liis life in thus 

lading the new Teleology. A beginning only has 

pyet been made in the new life of that branch of 

^ical and botanical study. 

e tlie tael that a itaulew variation of tmv }<ait nr 
1 msj be n amxaaaty ucoin|>anJni<fnt o( a UKfiil vuialiun of 
iT (MUt ur ot^fia, vu iminUvl out bj D&rwin, who applied Ha 
USHf "'MmUXiaa at vatintion," and "comUttoD of Rtuwtli" to thi* 
phui'ininiioti. TUe imgiurlaiice of thu "aolidarity " or the c< 
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irwiy hv oTBr-otinutml : 
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The old doctrine of tyjics, whicli was Qsed I 
philosophically-muided zoologists (and botoniatB) of 
the first half of the century as a ready means of 
explaining the failures and difficulties of the doctrine 
of design, fell into its proper plane under the new 
dispensation. The adherence to typo, the fijvourito 
conception of the transcendental morphologittt, waaneea 
to be nothing more than the expression of one of the 
laws of Thremmatology, viz. the persistence of heredi- 
tary transmission of ancestral characters, even when 
they have ceased to be significant or valuable in thu 
struggle for existence : whilst the so-called evidenoea 
of design which was supposed to modify the linu'tn- 
tions of types assigned to himself by tlie Crcstor 
were seen to be adaptations due to the selection aiul 
intenaificfttion by selective breeding of fortuiton? 
congenital variations, which happened to prove more 
useful than the m^iny thousand other variodoas 
which did not 8ur\'ive in the struggle for cxistcuei!. 

Thus not only did Darwin's theorj' give a new 
basis to the study of organic structure, but, whilst 
rendering the general theory of organic evolatioii 
equally acceptable and necessary, it explained the 
existence of low and simple forms of life as surviviUii 
of the earliest ancestry of more highly complex funns, 
and revealed the classifications of tliti systcmatist a& 
unconscious attempts to construct the gunealngical 
tree or pedigree of plants and animals. Finully, it 
brought the simplest living matt«r or formless protO' 
plasm before the mental vi&ion an the Htartiug- point 
whence, by the operation of neceamry nieehniitcal 
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1968, thp highest forms have been evolved, ami it 

^red unavoidable the conclusion that this earliest 

materia] was itself evolved by gradual processes, 

result also of the known and recognised laws of 

physics and chemistry, from material which we should 

mS not living. It iiboliahe<l the conception of life as 

entity above and beyond the common properties 

matter, and led to the conviction that the morvel- 

and exceptional qualities of that which we call 

living" matter are nothing more nor less than an 

exceptionally complicated development of those cliemi- 

and physical properties which we recognise in a 

ually ascending scale of evolution in the carbon 

ipoundn, coDtAining nitrogen as well as oxygen, 

iphur, and hydrogen as constituent atoms uf their 

tnooos moleculea. Thus mysticism was finally 

ished from the domain of Biology, and Zoology 

le one of the phyaicaJ sciences, — tlie science 

ieh (teeks to arrange and discuss the pbcnoiuena of 

lal life and form as the outcome of the operation 

the laws of physics and chemistry. 

Natcre and Scope ok Zoolory 

The brief histurical outline above given is snfiicieut 

bjustify us in rejecting, for the purposes of an ade- 

B appreciation of the history and 8t;oi)e of Zoology, 

1 simple division of the science into Morphology' 

I Pbyaiology which is a favourite one at the present 

No donbt the division is a logical one, based as 

the distinction of the study nf form and 
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structure in themselves (Morphologj') (mm U)b study 
of what are the activities and functions uf the faraa 
and structurea (Physiology). 8u<;h logical divisiom 
are possible upon a variety uf bases, but ai-c uot neces- 
sarily conducive to the asecrtaiument and remem- 
brance of the historical progress and ])re8fint Bigoifi- 
trance of the science to which they are applied. As a 
matter of convenience and as the outcome of historical 
events it happens that in the univci-sities of Europe, 
whilst Botany in its entirety is usually represented In- 
one chaii', the animal side of Biology ia represented by 
a chair of so-ctilled Zoology, which is understood m the 
old-fashioued systematic Zoology, a chair of human and 
comparative Anatomy, and a chair of Physiology 
{signifying the mechanica, physics, and chemistry of 
animals especially in relation to man). Fifty years 
ago the chairs of Anatomy and Physiologj' were uiiitwl 
in one. No such distinction of mental activities as 
that involved in the division of the study of animal 
life into Morphology and Physiology liaa ever really 
existed : the investigator nf animal forms has never 
entirely ignored the fncctious of the forma etutlicd by | 
him, and the experimental inquirer into the functions 
and properties of animal tissues and organs has always 
taken very careful account of the fonna of those tiasues 
and organs, I 

A more instructive subdivision of the Bcionce of ' 
animal Biolog)' or Zoology is one which shall com- 
spond to the separnte currents of thought and mental 
preoccupation which have been historical!;, 
in western Europe in thn gradual evoluli' '■ 
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lay the great river of zoological doctrine to which 

have all I)een rendered coutributory. Such a 

liviaion t»f Zoology, whilst it enables us to trace the 

y of thought, con-espouda very closely with the 

varieties of mental attitude exhibited at the 

lent day by the devotees of zoological study, 

it must be rcuienibered that the gathering 

ST of all the separate currents by Darwin is 

a sooner or later to entail new developments and 

Bchings of the stream. 

accordingly recognise the following fivH 
inches of zoological study : — 

Morphoffrapky. — The work of the collector 
and systematist : exemplified by Limiaeua and 
his predecessors, by Cuvier, Agassiz, Haeckel. 

2. Btonomtcn. — The lore of the fanner, gartiener. 

sportsman, fancier, and field-naturalist, in- 
cluding Thremmatology, or the science of 
breeding, and the allied Teleology, or science 
of organic adaptations: exemplified by the 
patriai'ch Jacob, the ]K»et Virgil, Sprvugel, 
Kirby and Spence, Wallace and Darwin. 

3. Zoo-Dynamics, Zoo-Phyinci>, Zoo-Otemistry. 
— The pursuit of the learned phyaicijin, — 
Anatomy and Physiology : exemplified by 

, Harvey, ITaller, Hunter, Joliann Mtiller aud 
J modern school of experimental phj'sio- 
ists. 
Plasmoittgy. — The study of the ultimate cor- 
puscles of living matter, their structure, de- 
volopmcnt, and properties, by the aid of the 
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microscope ; exemplified by Malpighi, Hook, 
Schwann, Kowalewsky, and Metschnikoff. 
5. Philosophical Zoology. — General conceptions 
with regard to the relations of living things 
(especially animals) to the universe, to man, 
and to the Creator, their origin and signifi- 
cance : exemplified in the writings of the 
philosophers of classical antiquity, and of 
Linnaeus, Goethe, Lamarck, Cuvier, Lyell, 
H. Spencer, and Darwin. 
It is true that it is impossible to assign the great 
names of the present century to a single one of the 
subdivisions of the science thus recognised. With 
men of an earlier date such special assignment is pos- 
sible, and there would be no difficulty about thus 
separating the minor specialists of modem times. 
But the fact is that as we approach Darwin's epoch 
we find the separate streams more and more freely 
connected with one another by anastomosing branches. 
The men who have left their mark on the progress of 
science have been precisely those who have been in- 
strumental in bringing about such confluence, and 
have distinguished themselves by the influence of 
tlieir discoveries or generalisations upon several lines 
of work. At last, in Darwin we find a name which 
might appear in each of our subdivisions, — a zoologist 
to whose doctrine all are contributory, and by whose 
labours all are united and reformed. 

We shall now briefly sketch the history of these 
streams of thought, premising that one has (so far as 
the last three centuries are concerned) but little start 
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of anotlivr, and that sooner or later the influeuce of 
the progress of one branch makes itself felt in the 
progress of another. 

^^_ M0RPHOGRA.PHV 

^^HUnder this head we include the systematic ex- 
P^mntion and tabulation of tlie fnct^t, involved in the 
recognition of all the recent and extinct kinds of 
animals and theit distribution in space and time. 
I'he chief varieties of zoological workers coming under 
this head are (I) tlie ranaeum-makers of old days and 
their modern representatives the curators and de- 
scjibors of zoological collections, (2) early explorers 
and modem natiiraUst-travellers and writers on zoo- 
geography, and (.S) collectors of fossils and palieonto- 
Jogists. Gradually since the time of Hunter and 
net aiiatouiicul study ho^ associated itself with the 
! superficial morpliography until to-day no one 
nidcts a study of animal form of any value which 
not include internal structure. Histology, and 
br^'ology in its scope, 
iTIie real dawn of Zoology after the legendary 
[fcxl of the Middle Agfs is connected with the name 
Englishman, Wotton, born at Oxford in 1492, 
I practised as a physician in Loudon and died in 
He published a treatise /)<■ Diffcrvnliis Ani- 
mi at Paris in 1552. In many respects Wotton 
I simply on exponent uf Aristotle, whose teaching, 
I various fanciful additions, constituted th^ real 
I of zoological knowledge throughout the Middle 
It was Wotton's merit that he rejected the 
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legendary and fantastic accretions, and returned to 
Aristotle and the observation of nature. The most 
ready means of noting the progress of Zoology during 
the sixteenth, seventeenth, and eighteenth centuries is 
to compare the classificatory conceptions of successive 
naturalists with those which are to be found in the works 
of Aristotle himself. Aristotle did not definitely and 
in tabular form propound a classification of animals, 
but from a study of his treatises HistoHa AnimcUium, 
De Generatione Animalium, and De Partibus Anima- 
Hum the following classification can be arrived at : — 

A. "^vaifio, blood-holding animals ( = Vertehrata), 

1. ZtDOTOKovvra kv avTots, viviparoua Enoema ( = Mammals, in- 
cluding the Whale). 

2. "O/jvi^cs ( = Birds). 

3. Ter/JotTroSa 7} a7ro6a (ioTOKovvra, four-footed or legless Entema 
which lay eggs ( = Reptiles and Amphibia), 

4. 'Ix0v€s ( = Fishes). 

B. "AvatfAo, .bloodless animals ( = Invertd>rata). 

1. MaAaKia, soft-bodicd AncHina ( = Cep/ialopoda), 

2. MaAaKocTT/saKa, soft-shelled Aruema ( = Crustacea). 

3. "EvTo/xa, insected Aruryna or Insects { = Arthropoda^ ex- 
clusive of Crustacea). 

4. '()crTpaKo8€/)/xttTa, shell-bearing Ancevia ( = Echini, Gasti»- 
poday and LamAlibranchia). 

Wotton follows Aristotle in the division of animals 
into the Encema and the Ancema, and in fact in the 
recognition of all the groups above given, adding only 
one large group to those recognised by Aristotle under 
the Antvma, namely, the group of Zoophyta, in w^hich 
Wotton includes the Holothuriae, Star-Fishes, Medusae, 
Sea-Anemones, and Sponges. Wotton divides the 
viviparous quadrupeds into the many-toed, double- 
hoofed, and single-hoofed. By the introduction of a 
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taetiiod of classification which was doe to the super- 

&ml Winy, — viz. one depending, not on struciture, 

^^Bfe on the medium inhabited by an animnl, whether 

^H^b, air, or water, — Walton is led to associate Fishes 

^TRld Whales as aquatic animals. But this is only a 

luomentary lapse, for he broadly distinguishes the two 

Irim U. I 

^^m Conrad Gesuer (151G-1565}, wbu was a physician 
^^■3 held professorial chairs iu variuns Swiss cities, ia 
tiie most voluminous and instructive of these earliest 
writers on systematic J^oology, and was so highly 
esteemed that his Hiatoria Animnlium was repub- 
lished a himdred years after his death. His great 
work appeared in successive parts, — e.g. Viiipara, 
OeijHiift, Aves, Pisces, Ser])entesd Scorjuo, — and con- 
tains descriptions and illnstrations of a large number 
of animal foiins with reference to the lands iuhabltcd 
by them. Gesner's work, like that of John Johnstone 
{b. IG03), who WHS of Scottish descent and studied at 
St Andrews, and like that of Ulysses Aldrovandi of 

Sc^ina (6. 1 522), was essentially a compilation, more 
leas critical, of all such records, pictures, and 
iions concerning beasts, birds, reptiles, fishes, and 
asters as could hv gathered together by one reading 
in the great libraries of Europe, travelling from city 
to citj", and froqueutiug the company of those who 
either had themselves passed into distant lauds or 
.pooMSsed the letters written aud sometimes the speei- 
} brought h()me by adventurous persons, 
"hu exploration of portu of the New World next 
gbt to hand descriptions and apccimcDs of many 
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novel forms of animal life, and in the latter part of 
the sixteenth century and the beginning of the seven- 
teenth that careful study by " specialists " of the struc- 
ture and life-history of particular groups of animals was 
commenced which, directed at first to common and 
familiar kinds, was gradually extended until it formed 
a sufficient body of knowledge to serve as an anatomical 
basis for classification. This minuter study had two 
origins, one in the researches of the medical anatomists, 
such as Fabricius (1537-1619), Severinus (1580-1656), 
Harvey (1578-1657), and Tyson (1649-1708), the 
other in the careful work of the entomologists and 
first microscopists, such as Malpighi (1628-1694), 
Swammerdam (1637-1680), and Hook (1635-1702). 
The commencement of anatomical investigations de- 
serves notice here as influencing the general accuracy 
and minuteness with which zoological work was 
prosecuted, but it was not until a late date that their 
full inthionre was brought to bear upon systematic 
ZooloiJ!:y by (Jcorges Cuvicr (1 709-1832). 

The most ]n*oniinout name between that of Gesner 
and Linnunis in the history of systematic Zoologry is 
that of John Kay. Though not so extensive as that 
of Linnanis, his work is of the highest importance, 
ami rcndcivd the subsequent lalxmrs of the Swedish 
natunUist far easier than thev would otherwise have 
been. A chief merit of Rav is to have limited the 
term " species ' and to have assigned to it the signifi- 
cance which it has until the Darwinian era K^nie, 
when\Ks pn^viously it was loosely and vaguely applieil. 
He also madt^ considerable ust^ of anatomical characters 
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in his definitions of larger groups, and may tlius be 
coiwitlorcd as the father of modem Zoology. Associ- 
ttUxl witL Ray in bis work, and moro especially 
occupied with the study of the Worms and Alnllusca, 

Pa Martin LUter (1638-1712), who is cclebratCil also 
the author of the first geological map. 
After Ray's duath in London in 1705 the progress 
of anatomical knowledge, ami of the discovery and 
Ulostration of new forms of animal life from distant 
lands, continued with increasing vigour. We note 
the names of Vnllianieri (Ifi61-l730) and AJexauder 
Monro (1697-I7G7) ; the travellers Touruefort (1056- 
1708) and Shaw (1 692-175 1 ) ; the collectors Rumphiua 
(1637-1706) and Hans Sloane (1660-1753); the 
entomologist Reaumur (1683-1757); Lhwyd (1703) 
And Linck (1674-1734), the studenU of Star-FisheH ; 
Peyssoncl (6. 1694) the investigator of Polyps and 
the opponent of Marsigli and Reaumur, who held tbcm 
to be plants; Woodward, the [mlseontologist {1665- 
1722), — not to speak of otlicrs of less importauee. 

Two ycara after Ray's death Carl Linnaiua wa« 
born. Unlike Jacob Theodore Klein, the towii-clcrk 
of Pantzig (1685-1750), wliose cjircful treatises on 
various gnnips of plants and auiinali< were puhlinhed 
during tht! [wriod between Buy and Linua'us, the 
latter had hia career marked uut for him in a univer- 
aity. that of Upsala, where lie was first professor of 
medicine and subsequently of natural hifitory. His 
nrcfl funned a new departure in the academic 
mcnt cf Zoology and Bottny, which, in direct 
ntlity from the Middle Ages, had h'f''"v'- I- 
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subjected to the traditions of the medical profession 
and regarded as mere branches of " materia medica." 
Linnseus taught Zoology and Botany as branches of 
knowledge to be studied for their own intrinsic 
interest, and not for the sake of the " simples " yielded 
by animals and plants to the pharmacopeia. His 
great work, the Systema Naturce^ ran through twelve 
editions during his lifetime (1st ed. 1735, 12th 1768). 
Apart from his special discoveries in the anatomy of 
plants and animals, and his descriptions of new species, 
the great merit of Linnaeus was his introduction of a 
method of enumeration and classification which may 
be said to have created systematic Zoology and Botany 
in their present form, and established his name for 
ever as the great organiser, the man who recognised 
a great practical want in the use of language. and 
supplied it. Linnaeus adopted Ray's conception of 
species, but he made species a practical reality by 
insisting that every species shall have a double Latin 
name, — the fii^st half to be the name of the genus 
eoninion to several species, and the second half to be 
the specific name. Previously to Linnaeus long many- 
worded names had been used, sometimes \Nnth one 
aiKlitional adjective, sometimes with another, so that 
no true lutmcs weiv fixed ;md accepted. Linmeus by 
his binomial system made it jx^ssible to write and 
s|H\*\k with accuracy of any given species of plant or 
animal. He was, in fact, the Adam of zoolosncal 
science. He juwecded further to intnxluce into his 
enumeration of aninuds ;uid plants a soriesof groups, 
vi.», genus, orvler. chis^i. which he compared to the 
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{•ulKlivisioua of au army or the subdivisions of a 
torritor}', the greater containing several of the less, an 
follows : — 

C*luB. Order. Occns. .Species. Varietj-. 

Ocuua sura- CJenua inter- Genus proxi- Species, IndivitlunnL 
mum. uii^diuin. mum. 

, I'FOvtucia. Tcrritorium. Ponxcia. Pogos. Domicillatn, 

■^faBCk C'ohors. Manijiulua. Contubemium. Miles. 

^^BliunEBUs Iiimsclf recognised the purely subjective 
KonBracter of his larger g^upa ; for him species were, 
however, ohjective : "There ftre," he said, "just so 
many species as in the beginning the Infinite Being 
created." It was reserved for a philosophic zoologist 
of the nineteenth centiiry(Aga83iz, E&sai/ on Cla^ificxi- 
iion, 1859) to maintain dogmatically that genus, order, 
and class were also objective facts capable of precise 
estimation and valuation. This climax was reached at 
the very moment when Pnrwia was publishiug the 

Bin (^Species (1859). by which universal opinion 
been brought to the position that species, as well 
Hiera, orders, and classes, are the subjective es- 
pceasions of a vast ramifying pedigree in which the 
only objective existences are individuals, the ap- 
parent species as welt as higher groups being marked 
out, not by any distributive law, but by the purely 
in-significant uperatiou of human experience, which 
I transcend tlie results of death and decay. 
: classification of Linnaeus {6-om Sya. Nat. 
. 17G6) should \w compared with that of Aria- 



It is as follow 
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Order 6. Fanena. 

Qenen : (a) Ltaia, FrinyUia, Embtrua; {b) Cap- 
rimvlffm, tlinmdo, Ptpra ; (c) TuTxtnt, Am- 
firlie, Tanngm, AFtutifapa; (<i) Panu, Mobt- 
rillit, Alauila, Stvrnvs, CotwiJxi. 
a in. AMPBmu. 
Order 1. RrptHia. 

Genera : Tettudo, Dram, Laeerta, Rana. 

GeneTK : Cntalta, Bua, Coluber, AnyuU, AtnphU- 

Uena, Carilia. 
3. NaaU». 

Genera : Petromj/aon, Rtfjit, Sqwitut, Chimara, 

Lophitu, Aeijienaer, Cyclitpteriu, BaluUt, 0»- 

tnKXOH, Trtrodott, Diodmt, Ctntritcvt, Syngiw,- 

tku», Prifa*v*. 

a r\'. PI8CB3. 

Order 1. Apoda. 

Genera : itanma, Gymnolytg, Triehiunu, Anar- 
rkiekiu, Ammodytes, Ophidiutn, StrvmaUnt, 

„ 2. Jtiffularti. 

Genera: CnlUimymuii, Uraniumiput, TracAiitiu, 
Gadut, BlfKuiiix. 
„ 3. TkoraeieL 

Genera : Cepola, EtAentit, Coryphiata, Goiiivt, 
Cottut, Scvrptma, Zeiu, PlruroMrbt, ChaU)don, 
Spam*, Labnu, Sci^tui, Pfrva, Oattervtteiu, 
S<rmbrr, MuUw, Triffla. 
„ i. Abdominales. 

Genera: Cobitit, Aatia, .S'l/urtM, Emthit, Lari- 
earia, Saloto, FUCrUaria, Etar, Etopt, Argen- 
tina, Athrriita, JfifjH, J/brmynu, Etvaettu, 
P'tt/memtu, Ctvpm, Cypriuitt. 
. Insicta. 
Order I. CoUopUnx. 

Gftiiera : (a) Scamiamt, tnwat**, DtrmtiM, Hit- 
ter, Byrrhut, fiynmiu, Atlrltdnu, Curemlio, 
SUpka. C<^ndla ; (/■) Rrucktu, Cataida, 
PtinUM, Ckrymmeln, ffUpi, Jttlof, TnteMo, 
Lttrnpfrit, ittirdtlla^ Stap^fUmiu ,■ (e) Ctram- 
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byXj Lepturoj CarUharit^ Elater^ Ctemdeloj Bm- 
prettis, DytifcuSy CarabuSj NecydcdiB^ Forfiada. 
Order 2. Hemiptera, 

Genera: BUUta^ MantUj Gryllus^ Fvlgora^ Ci- 
cada, NoUmecta, Nepa^ Cimex, ApkU^ Cherma, 
Coccus, Thrips. 
„ 3. Lepidoptera^, 

Genera : Papilio, Sphinx, Phalcmcu 
„ 4. Neuroptera. 

Genera : LibelltUa, Ephemera^ Myrmdeon, Phry- 
ganea, Hemerobius, Panorpa, Baphidicu 
„ 5. Hymmoptera. 

Genera : Cynips, Tenthredo, Sirex, Ichneumon, 
Sphex, Chrysis, Vespa, Apis, Formica, MuUUa. 
„ 6. Diptera, 

Genera : (Estrus, Tiptda, Musca, Tahanus, CuUx, 
Empis, Conops, Asilus, Bombylius, ffippobosca. 
„ 7. Aptera, 

Genera : (a) Pedibos sex ; capite a thorace di»- 
creto : Lepisma, Podura, Termes, PecUeth 
lus, PiUex, 
(6) Pedibos 8-14 ; capite thoraceque iinitis : 
Acarus, Phalangium, Aranea, Scorpio^ 
Cancer, Motwctdtis, Oniscus, 
(c) Pedibus pluribus ; capite a thorace discrete : 
Scolopendra, Julus. 

Class VI. Vermes. 

Order 1. Intestina, 

Genera : (a) Pertusa laterali poro : Lun^ricus, 
Sipuyiculus, Fasciola. 
(b) Imperforata : poro laterali nnllo : Gordius, 
Ascari^, Hirudo, Myxtru, 
„ 2. MoUusca, 

Genera : (a) Ore suj^ero ; basi se affigens : Ar- 
tinia, Ascidia, 
(b) Ore antico ; corpore pertuso laterali fora- 

minulo : Ltmajr, Aplynia, Doris, Tethis. 
(r) Ore antico; corpore tentaculis antioe cincto: 

llolotkuria^ Trreb^ila. 
(</) Ore antico; corpore brachiato : Tritom, 
Sepia, Clio, Lcmaa, Scyikta. 
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(e) Ore antioo; «orpore [ludato: Aphrvdila, 

(/) Ore infero central! : .V«/uw, Aitrria, 
£ehiitus. 
Ordor 3. Tutaeta. 

Oenera : (a) Multivalvia : Chiton, Lfpat, Pkolat, 

(6) Bi^aWia ( = Concha) : J/ya, Soifn, TtiUna, 

Cardiitm, J/artm, Donor, VnvM, Spon- 

ilfflvt, Chamti, Aral, Ottrea, Anomia, 

Mgtiltu, I'inMit. 

(c) Onivalviaspiniivgul(iri( = CofAi<w): Arg<r- 

niiuta, A'avliltu, Cimu*, Cypnritt Buila, 
Voiuta, Butcinitnt, StronAitt, Murex, Trv- 
duis. Turbo, IltlU, JVerila, Ualioti*. 

(d) Univalvia absque iptra reguUri : Patelin, 

Dtntaliam, SerpHla, Terrdo, SaMta. 
„ i. Lithophgta. 

Genera : Tvbipora, Madrtpom, MiUrpora, Cdlr- 

„ 6. Zaophj/ta. 

Qenem: (u) FixutA : Iiit, d'aryonia, Alet/imium, 
Sponffut, Fliulryi, Tulmlarvi, Coraltina, 
Sertularia, VortirrUa. 
{(t) LocomoUvK : /Jyiira, Peimatula, T<enHi, 
Volvox, Fvria, Chaos. 

he characters of the six classes are thus given by 

EBUS:— 



8i 
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Car bilocuUre, biauritam ; | Tiviparia, MtmmeJibm; 
Sugatno c«Udo, niliro : i ovtjKiru, Avifnu. 
or UDilovulftre, uoiaurituiu;' I [>uliuocio arbitration AmpkAut; 
Sanguine frigido, rubro : \ bnuichiis cxtcraii, PUnhnu. 
uniloculars, inauritnm ; i luitunnBtis, /twctis; 
' I frij;iLU, olbida : | LuuUcululiii, Ffrwi&M, 



* The uuUiniiul cnvr in rnference to Hm kUriclM of BoptilM uid 
BatneliiMu im tlic p«rt of Liniucuji i* «xtn!tiicly intereiMing, nnoe il 
Arm tn wlinl au (nli.-ut the mo>t I>tit«ut brU muy eno^ Uid ubwTVn- 
tioQ of rvea ibu (^ceAle^l utin'rvnn!, uiil mliat an flnioiint of rcpcatnl 
ml unprejuilicod attuntiun hu bom necoaary b*(ui« ike 
> vt the vummoueat imiuub W Ln'iuuu! kauwiL 
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Between Linnseus and Cuvicr ihcro are no very 
great names; but under the stimulus given by the 
admirable method and system of LinnaiuB observation 
and description of new forms from all parte of the 
world, both recent and fossil, accumulated. Wc can 
only cite the names of Charles Bonnet (1720-1793), 
the enttimologiat, who described the reproduction of 
Aphis; Banks and Solander, who accompanied Cap- 
tain Cook on his first voyage (1768-1771); Thomu 
Pennant (1726-1798), the describer of the Engliab 
fauna ; Peter Simon Pallas (1741-1811), whospetaally 
extended the knowledge of the Ijnnseau Venne^, and 
under the patronage of the empress Catherine explored 
Russia and Siberia; De Geer (1720-1778), the ento- 
mologist ; Lyonnet (1707-1789), the author of the 
monograph of the anatomy of the caterpillar of CoMta 
Ugniperdus; CavoUni (1756-1810), the Neapolitan 
marine zoologist and forerunner of Delia Chiaje (fi. 
1828): 0. F. MuHtT (1730-1784), the describer of 
freshwater OligocfuBta ; Abraham Trembley (1700- 
1784). the student of //T/cfra ,■ and LedermuJler (1719- 
1769), the inventor of the term [n/usoria. The effect 
of the LiuuEean system upon the general coaceptions 
of zoologists was no less marked than were its resolta 
in the way of stimulating the accumulation of accn- 
rately observed details. The notion of a scala tiatura, 
which bad since the days of clas«icnt nntiqaity been a 
t of the general philosophy of nature amongst those 
3 occupied themselves with such conceptions, now 
K)k a more definite form in the minds of &kiD«d 
zoologists. The species of Linnajus were Bopposed to 
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pwsent a aeries of steps in (i scale of ascending com- 
izity, and it was thought possible thus to arrange 
B animal kingdom in a single series, — the orders 
thin the chisses succeeding one another in regular 
gmdation, and the classes succeeding one another in a 
fflmilar rectilinear progression, Lamarck represents 
most completely, botli l>y his development theory (to 
be further mentioned below) and by his scheme of 
classification, the high-water mark of the popular but 
iollacious conception of a scafa ruUurw. His classi- 
fimtion (1801-1812) is as follows :— 
Invertebrata. 

1. Apiiltutie AaimaU. 
Claaa I. iKFirsoBU. 

Orders : Nwia, Apprndindala. 
Class IT. PoLVn. 

Orders : Cili/Oi (Soti/era), DmuduH (HydroidB), Fa- 
ffimili (Anthotna and J'otytoa), A'ataitUt (Cruunds). 
Closa lil. Radiaua. 

Orders : Motlui {Aealepiux), EcAinodtrma (indndisg 
Aftmitr). 

ClaU IV. TUNICATA. 

Orders: Bothryllaria, Atridia. 
Gua V. Vkkuke. 

Orders : Molla (Taiw-Womw »nd Fluk»), RiyidnU 
(Nematoida), /It*pidu/i (Nais, etc.), Spitoaria 
(LemBatui, etc.) 
■ L Srnritivr AnimaU. 

Ckas VI. iNieCTA {l/Mopoda). 

Orders r ApUra, Diptent, Hrmiplera, Lepidopttra, 
Hgmrnitptfm, yntroptera, Orihr^trra, Coteoptera. 
Clua VII. d.RACtiMi>A. 

Onlcni: Anlennalo-TraeiMtiit ( = n^Mnum tad 
Myriapoda}, KraiUtnnato-TrfKheaiia, B^antfrnvtby 
Hranrkialia. 

CloiUt VIII. CKIftfTAOU. 

Orders: ffttiTtil>ra»fAia(BntniAioporla,Jiopodti. A"<- 
phipoda, Slomapoda\ llomobroMekin [Dtrn}- 
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Class IX. Annbuda. 

Orders : Apodti, Antennala, SfdeiUarin. 

Class X. ClBRIFEDU. 

Orders : Seuiiia, I'etlunmlahi. 
Clasa XL Cwsouutkra. 

Orders ; Dimynria, Monomynria. 
Class XU- MoLLCscA. 

Orders ; I'Uropoila, Ga^trropoda, TraeAetipoih, €*• 
p/ut/vpodu, Ittteropoda, 

Vertebrata. 

3. Intrllitfent Animal: 

Class XIU. FiBHRS. Claw XT. Biliiw- 

„ XrV. Bbittlks. ., XVI. M, 



The enumeration of orders above given will ciiablo 
the reader to form some conception of the progreaa of 
knowledge relating to the lower forms of life during 
the fifty years which intervened between Linneeua and 
Lamarck. The niimher of genera recognised by 
Lamarck is more than ten times aa great as that 
recorded by LionsBua, 

We have mentioned Lamarck before hia great cod- 
temporary Cuvier because, in spite of hia valunble philo- 
sophical doctrine of development, he was, as compared 
with Cuvier and estimated as a syi^t^matic zoologtBt, 
It mere enlargement and logical outcome of Linnieus. 

The distinctive merit of Cuvier is that he started 
a new view aa to the relatJonahips of animals, which 
he may be said in a large measure to have demon- 
strated aa true by his own anatomical researches. He 
opposed the scala imtunr theory, and recognised four 
distinct aud divergent braiichcfl or ttnibrancfiemeng, « 
he called them, in each of which he arrangod a cerlAm 
numlier of the Linnaean classes, or similar cloaBes. 
The embranchemeiis were cbaracterisexl caeb by n dif- 
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ferent ty]>e of anatomical structure. Cuvicr thus laid 
the foumlation of that brancliiug treo-Uke arrougement 
of thu classes imd orders of animals whit^h we now 
recognise as being the necessary result of attempts U> 
represent what is practically a gonealogical tree or 
podigree. Apart from this, Cuvier was a keen-sighted 
and enthusiastic anatomist of great skill and industry. 
It is astonishing how many good obaervera it requires ' 
to dissect and draw aud rucord over and over again 
the atracture of an animal l»efore au approximately 
correct account of it is obtJiiued. Cuvitjr di-ssected 
many Molluscs and other auimals which bad not pre- 
viously been anatomised ; of others he gave more 
correct accounts than had been given by earlier 
writers. Skilful as he was, his observations are very , 
frequently erroneous. Great accuracy in work as well 
as great abundance of production has only distin- 
guished one amongst all the great names of Zoology | 
— that of .lohann Miillcr. It certainly did not dis- I 
tingaiah Cuvier. Another special distinction of Cnvier 
is his remarkable work in i^om[)aring extinct with j 
recent organisms, hia descriptions of the fossil Afam' 
malia of the Paris Ivasiu. and his general application i 
of the knowledge of recent animals to the reconstruc- j 
tion of extinct ones, as indicated by fragments only | 
of their skeletons. 

s in 1812 that Cuvier communicated to the 

Acmy of Sciences of Paris his views on the clusi- 

tlon of animids. He says — 

i*8i I'on nnuidto) lo rtgne auimol d'Aprto 1m prindpc* i[ae aon 
poccr, «n M lUfeunMout de* pr^ofta iteblU mii- Ip* 
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divisions ancieimemeiit admises, en n'ayant ^gard qa'k Torganisa- 
tion et k la nature des animaox, et non pas k leur grandeur, k leur 
utility au plus ou moins de connaissance que nous en avons, ni k 
toutes les autres circonstances accessoires, on trouvera qu'il eziste 
quatre formes principales, quatre plans g^n^raux, si Ton peut s'ex- 
primer ainsi, d'apr^ lesquels tons les animaux semblent avoir ^t^ 
models et dont les divisions ult^rieures, de quelque titre que les 
naturalistes les aient d^cor^es, ne sont que des modifications assez 
l^g^res, fondles sur le d^veloppement, ou Faddition de quelques 
parties qui ne changent rien k Tessence du plan.'' 

His classification as finally elaborated in Le Bkgne 
Animal (Paris, 1829) is as follows : — 

First Branch. Animalia Vertebrata. 

Class L Mammalia. 

Orders: Bimanay QuadrumanOj Camivora^ Martupialia^ 
RodewUoy JSdefUaiOj PachydofMUOy RwninanUay Ctiacca. 
Class IL Birds. 

Orders: AecipitreSy PastereSy ScofuoreSy GaUima^ Oralkt, 
Palmipedes. 
Class m. Reptilia. 

Orders : Chelonidy Saurit^ Ophidioy Batrachia. 
Class IV. Fishes. 

Orders : (a) Acanthopt^rygii, Abdominales, SubbracJiii, 
AjxHifSy Lophobranchtiy Plectognathi ; (6) SturioneSy Sel- 
acAif, Cf/clos(omu 

Second BrancL Animalia MoUusca. 

Class I. Cephalopoda. 

Class II. PtEROPODA. 

Class III. Gastropoda. 

Orders : PuJmonata^ XnciihranrJiw^ Inftrcbranckia^ Tedi- 
hranMiU llfteropoda^ PtctinibranckiOy Tmhulibfrtmchia, 

Smtibni nch i* i, Cyclc>t>ra nckia. 

Class IV. ACEPHALA. 

Orders : 7V,<f<iorti, T'lfniVtiA?, 
Class V. Brachiopopa. 
Class VI, CiRRHon>DA. 

Third Branch. Animalia Articulata. 

Class I. AXNEL1DKJ>. 

Ordeis: Tmbwd^^ /Xv^TtTudiWr, 
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Claw U. CROSTACKi. 

Orders: (a) Mnlucostraca ; Dtmpoda, Sttmapoda, Am- 
/ihipada, lArncodtpoiia, l»opoiUi ; (b) Entomoetraca ; 
Ilr(aKkiop<ida, PoKtlopoda, Trilabila. 
Claas liJ. Akacknidks. 

Orders : PuJnumarvr, TraiAearia: 
Claafl IV. Is8Ec-ra. 

Orders: Myriajioda, TAj/ftrnvnt, Pariuita, Suctoria, CoUo- 
ptrra, Orthoptrnt, Urmiptrm, Xtnropttrra, Jlpmatopttra, 
Lfpidoptrra, Rkipiplrra, Diptcra. 
Ih Branch. AniTnaHa Radiata. 
Clocs L EcBcdoDKRHs. 

Orders ; Ptdirt/ltUa, Apoda. 
Class II. Intkstinal Wotuu. 

Orderti : IfemauA'Ua, ParenrSymatota. 
Ooaa HL AcALEPH*. 

Orders : Simplurtt, Uj/drMtalinr. 
ClaasTV. Polypi (inclnding the Calmlrrn of later author J lien 
wd Ifae Polj/toa). 

Orders : Camoti, Otlatinon, Polypinrii, 
Clui V. IxruflouiA. 

Orders t Holifera, JJam<Kfenra (this indudcA the Pnlotoa 
of recent writers and somo ProtojAytn). 

The leading idea of Cuviur, his four emhrancJte- 

mens, was confirraed by tJic Rusao-Gennan naturalist 

Von Baer( 1792-1876), who adopted Cuvier's divisions, 

ing of them as the peripheric, the longitudinal, 

maSBivtt, and the vcTtebmte types of atnicture. 

Baer, however, has another place in the history 

;JSool(^Q', being tlie tirst and most striking figure in 

introduction of Embryology iuttj the ronsidcrstion 

the relations of animals to one another. 

Cuvicr may be regarded as the zoologist by whom 

imy was made the one Important guide to the 

lemtanding of the relations of animals. But it 

Id be noted that the belief, dating from Molpighi 



(1670), that there is a relatioQship to be dlscovuvd, 
and not merely a haphazard congregation of varieties 
of striKiture to be classified, had previously gained 
ground. Cuvier was familiar with the speculations 
of the " Natur-philosophen," and with tlie doctrine of 
transmutation and filiation by which they endeav- 
oured to account for existing animal forms. Hie 
noble aim of F. W. J. Schelling, " das ganze System 
der Naturlehre von dem Geaetze der Schwcre hia za 
den Bildungstrieben der Organismus als ein organ- 
iachea Ganze darzustellen," which has ultimately been 
realised through Darwin, was agoneral one among the 
scientific men of the year 1800. Lamarck accepted 
the development theory fully, and pushed his specula- 
tions fiir beyond the realm of fact. The more cautious 
Cuvier adopted a view of the relationahipn of animals 
which, whilst denying genetic connection as the ex- 
planation, recognised an essential identity of strne- 
ture throughout whole groups of animals. This 
identity was held to be due to an ultimate law of 
nature or the Creator's plan. The tracing out of this 
identity in diversity, whether regarded a« evidence of 
blood-relation-ship or as a remarkable display of skill 
on tiie part of the Creator in varying the details 
whilst retaining the eaaeutial, became at this period a 
special pursuit, to which Goethe, the poet, who him- 
self contributed importantly to it, gave the name 
" Morphology." C. F. Wolif, Goethe, and Oken share 
the credit of having initiated these views, in regiird 
especially to the structure of flowering plants and the 
Vertebrate skulL Cuvier's doctrine of four plana of 
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■ucture was esscutially a morpbulogical one, and so 

i the single-scale doetriiic of Buffou and Lamarck, 

I which it was opposed. Cuvier'3 morphological 

rine received its fullest development in the 

lEulciple of the " correlation of parts." which he ap- 

mtd to paIax)utologicaI investigation, namely, that 

7 animal is a definite whole, und that no part can 

B varied without entailing correlated and law-abiding 

iatioua in other parts, so that from a fragment it 

lid bo poaaible, had we a full knowledge of the 

WB of animal structure or Morphology, to reconstruct 

""the whole. Here Cuvier was imperfectly formulating, 

withciut recognising the real physiral hasia of the 

pbonomena, the results of the laws of hereditj' and 

iatioD, which were aubsoqueutly investigated and 

light to bear on the problems of animal structure 

r Darwin. 

Richard Owen ' may be regarded as the foremost 
f Cuvier's disciples. Owen not ouly occupied him- 
f with the dissection of rare animals, such as the 
irly Nautilus, Lingula, Limulus, Protopterus. 
X, etc., and with the description and recon- 
nction of extinct Reptiles, Birds, and MammaU, — 
dlowing the Cuvieriao tradition, — but gave precision 
1 currency to the morphological doctrines which 
1 taken their ri»e in the lit'ginning of the century* 
a introduction of t«,-o terms, " Homology " and 
Balogy," which were defined so as to express two 

a 1804 in [ju n MlT} aanwmtor of Uic Ilncterun 
>, Londoii, lB30-iea6; (UperiiiUinilcnt Nat. IUhL Bhl. Mtit. 
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different kmds of agreement in animal Btractures, 
which, owing to the want of such " counters of 
thought," had been hitherto continually nonfnsod. 
Analogous structures in any two auimala comparwJ 
were by Owen defined as structures performing wmilor 
functions, but not necessarily derived from the modi- 
fication of one and the same part in the " plan " or 
"archetype" according to which the two animala 
compared were supposed to be constructed. HotM' 
logouH structures were such as, though greatly differ- 
ing iu appearance and detail from one another, and 
though performing widely different functions, yut 
were capable of being shown by adequate study of « 
series of intermediate forma to be derived from one 
and the same part or organ of the " plan-form " or 
" archetype." It is not easy to exaggerate the service 
rendered by Owen to the study of Zoology by the 
introduction of this apparently small piece of verbal 
mechanism ; it takes placu with the idassificfitoiy 
terms of Linnaeus. And, though the oonewptioufl of 
"archetypal Morphology," to which it had reference, 
are now aliandoned in favour of a genetic Morphology, 
yet wc should remember, in estimating the value of 
this and of other speculations which havu given |>1m« 
to new views in the history of science, the words of 
the great reformer himself. " Erroneous obaervatiouit 
are in the highest degre« injuriona to the progress uf 
science, since they often persist for a long time. Bat 
erroneous theories, when they arc supported by fiuits, 
do little harm, since every one takes a healthy pleasani 
in proving their falsity '* (Darwin). Owen's definitiun 




THE HISTORY AND SCOPE OF ZOOLOGY 



of analogous structures holds good at the present day. 
His homologous structures are now spoken of as 
" homogenetic " structures, the idea of community of 
repreaentation in an archetype giving place to com- 
munity of derivation from a single representative 
structure present in a common ancestor. Darwinian 
Morphology has further rendered necessary the intro- 
iion of the terms " homoplasy " aud " homo- 

itic"' to expreae that close agreement in form 
which may be attained in the course of evolutional 
changes by organs or parts in two animals which 
have been subjected to similar moulding conditions of 
the environment, but have no genetic community of 
otigiQ, to account for their clo&e similarity in form and 
ittire. 

The classification adopted by Owen in his lectures 
!855) docs not adequately illustrate the progress of 
zoological knowledge between Cuvier's death and that 
date, but, sucli as it is, it is worth citing here. 



Mor{ 
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■»: Vertebrata (M^lfwxphala, Owen). 
Claasee : AIammaija, Ates, Rkptilu, Pisces, 
.* Artioulata. 

■ : Aracbmida, Insbcta (including Sab-CUa«B JHfyria. 
^ lltjeapodn), CKHttTACKA (inclading Sab-ClosMfl fnfo- 
mattrwrt, Mitlaeodrofa), Kpizo* (Eiitzoolic CruHaera), Am- 
KLL4T* (Chaitopods and Loechw), CmaiPEou. 
- MolliLsca. 

: CxriiALuFobA, UAsrutoroDA, Ptxbopoda, L.ufCLLi- 

BftAirOUTA, BHACBIOrODA. TlTMICATA. 



t Sen Lsnkojtcr, " On the Dw of tl>« Tmn Homolog^r in Uodetn 
•J aatl the Diitinrtioa Vtwccn Hamnf^enetic sad Hotoopltwlic 
," ^lui. and Mag. KaL Hid. ISTO. 
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I'rovinee: Badlata. 

Si^Proiiincr: RacUaria. 

Clagees: KcffrNODERMATA, Bbvozoa, Antiiozoa, Ao- 

LEPHJE, HyDBOZiK\. 

Svb-Provuiee .■ EntOZOa. 

Classen: CtiaELUiNTnA, SnntELmsTHA. 
Suh-pTiimnct : Infusoria. 

Classes : Rotifeka, Polygabtria (the PraUaoa of raoiot 

authors). 

The real centre of progress of systematic Zoology 
was no longer in Franco nor with the <li8ciple8 of 
Cuvier in England, but after his death moved to 
Germany. The wave of morphological speculation, 
with its outcome of new systems and new theories of 
classification, which were as numerous as the pro- 
fessors of zoological science,' wab necessarily succeeded 
in the true progress of tlie science by a period of 
minuter study in which the microscope, the discovery 
of embryological histories, and the all-important cell- 
theory came to swell the stream of exact knowledge; 

We have already mentioned Von Bacr ui this 
connection, and given a passing reference to Johann 
MuUer, the greatest of all investigators of auimal 
structure in the present century. Miiller (1801-1858) 
was in Gel-many the successor of Rathkc (1793-1860) 
and of Meckel (1781-1833) as the leader of anatom- 
ical investigation ; but his true greatness can only be 
estimated by a consideration of the fact that ho was a 
fertile teacher not only of human and comparatiTe 
.Vnatomy aaid Zoology but also of Pbywology, and 
that nearly all tlie most distinguished Gennao 
zoologists and physiologists of the period 1850 to 

> 8MA9KU,£Miyimaa«ilIral*M, 18A9, ror an aoamnt flf 
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1870 were bis pupils mid uckuowledged his leadership. 
The most striking feature about Johann M tiller's 
work, apart from the compreheDsiveoess of his point , 
t)f riew, iu which he added to the anatomical aud i 
morphological ideas of Cuvier a consideration of 
Physiology, Embryology, and microscopic stmcture, 
was the extraordinary accuracy, facility, and complete- 
ness of his recorded obaervatioua. He could do more 
with a single specimen of a rare animal (e.g. in his 
memoir on Ampkioxiis, Berlin. 1S44) in the way of 
making out its romplcte structure than the ablest of I 
his contemporaries or successors could do with a 
plethora. His power of rapid and exhaustive obser- 
vation and of accurate pictorial reproduction was 
phenomenal. His most im[>ortant memoirH, l>esides 
that just mentioned, are tha'^e on the anatomy and ! 
classiiicatiou of Fishes, on the Ctccilians, and on the 
developmental history of the Echinoderms. 

A name which is apt to be forgotten in the period 
ccD Cuvier and Darwiu, because its possessor 

pied an isolated position in England and was not i 
borne uji by any great school or university, is that of 
John Vaughan Thom]>sun, who was an army surgeon, 
and when past the age of forty, being district medical 
inspector at Cork (1830), took lo the study of marine 
Invertobrata by the aid of the microscope. Thompson 
three great discoveries, which seem to have i 

IU in his way in the mfwt natural and simple | 
ler, but must be regarded really as the outcome , 
:traordinar}' genius. He showed that the urgau^ J 
)il;p Flusirii an- not hydroid Polj^pg, bnt "f ■' 
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more complex structure resembling MoUuscs, and he 
gave them the name "Polyzoa." He discovered tlie 
PenUtcrinus europceu^, and showed that it wan tbo 
lirval form of the Feather-Star Antedon (CmiaJu/a). 
He upset Cuvier'a retention of the Cirripedes among 
Molluseo, and his subsequent treatment of them as 
an isolated class, by shownng that they begin life ss 
free-swimming Crustacea identical with the joting 
forms of other Crustacea. Vaughan Thompson t8 ft 
type of the marine zoologists, such as Dalyell, Michael 
Sars, P. J. Van Beneden, Claparfede, and Allmati, 
who during the present century have approached the 
study of the lower marine orgajiisms in the sume 
spirit as that in which Trembley and Schiiffer to the 
last century, and Swammerdam in the scvcDtecnth, 
gave themselves up to the study of the minute fresh- 
water forms of animal life. 

It is impossible to enumerate or to give due coji- 
si<leration to all the names in the army of anatomical 
and embryolngieal students of the middle third of 
this century whose labours bore fruit in the modifica- 
tion of zoological theories and in the building up of a 
true classification of animals. Their results are best 
summed up in the three acliemes of classification 
which follow below — those of Rudolph Lcuckart (6. 
1823), Henri Milne-Edwards (1800-IS84), and T. H. 
Huxley (6. 1825), all of whom individually contri- 
buted very greatly by their special discoveries and 
researches to the increase of exact knowledge. 

Contemporaneous with these were variona scbemfiB 
of claaaifieation which were baaed, not on a conaideim- 
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^^Bbti of the entire structure of each auimiil, but on the 

^^^niatioiis of a single orgiin, or on the reuUy uon- 

Mgnificant fact of the structure of the egg. All such 

single-fact systems have proved to be useleas, and in 

mjkct rlcparturcs from the true line of growth of the 

•ologicai system which was shaping itself year by 

u- — unknown to those who so shaped it — as a 

ooalogical tree. They were attempts to arrive at a 

roe knowledge of the relationsliips of animals by 

p royal roads" ; their followers were lauded in barren 



R. Ijcuckart's ' classification is as foHowa : — 
s I. Ocelenterata. 

Clnas I. Polypi. 

Orders : Anl/uKua and Cffliaitoa. 

„ II. ACALKPHJ, 

Orders : Ditropfuim anil Cl'^'M'phara. 

2. Eichinodennata. 

CIms I. PutMAT-ZOA. 

Orders : CysliiUa aud Critundra. 
„ IL AcTraozo,v. 

Ordcn : SrhiiiiJn and AtteriJa. 

, (H. SCVTODEKH ATA. 

Oidiin : titditlKuriiK and Sipuntulida. 



Ex JbocnrnLrn. 

Orders : CfttodtM and AcantttoctpKali. 

■v Braa8wii:k, ia4H. Thu Pr^otoa, iMogniacd ai a pnmaf^ grcnip 
fffielwld ami Sunuiiu (LArbueh iL pnrglekh, Anaiom^ Berlin, IMS), 
■ Batfudail«d at all \iy Lenckart in bla tchant. Tb« ni 

I by Goldfow (ISOS) lo iucluilu inicrii«cu|>ie niiiioali . 

M UK] Mtduta, wliilit SicWI'l lUul tHUnnilu lilvt luvd i: 

k risnifiuutiua m oooipriiriDg luid limHcd U) tbe It^Hmxia a 
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Class IL Apodes. 

Orders : Nemeriinij Turbtllarii^ Trematodes^ and 
Hirvdinei, 

„ m CHJATL 

Orders : Bryozoa and Rotifera, 
„ rV. Annelides. 

Orders : KematodeSj Lumbricini, and Branchiati. 

Type 4. Arthropoda. 
Class I. Crustacea. 

Orders : Entomostraca and Malacostraca, 
„ II. Insect A. 

Orders : Mynapoda, Arachnida {Acerc^ Latr.), and 
Hexapodd. 
Type 5. MolluSCa. 

Class I. TUNICATA. 

Orders : Ascidim and Salpce. 

„ IL ACEPHALA. 

Orders : Lamellibranchiata and Brachiopoda. 
„ ILL Gasteropoda. 

Orders : Heterobranchia, Dermatobranchia^ Hetero- 
podaj Ctenobranchia, FtUmonata, and Cycicf- 
branchia, 
„ IV. Cephalopoda. 
Type 6. Vertebrata. (Not specially dealt with.) 

The classification given by Henri Milne-Edwards ^ 
is as follows : — 

Branch I. Osteozoaria or Vertebrata. 
Sub-Branch 1. AUantoidians. 

Class I. Mammalia. 

Orders : (a) Monodelphia : Bimana, Quadrn- 
mana, Cheiroptera^ hisectivora, Rixltntin^ 
Edentata, Camiv<ji'a, AmphUna^ Pachyder- 
mata, Ruminantia, Cetncea ; (b) Didelphia : 
Mai'supialia, Monotremata. 
„ II. Birds. 

Orders: Ra paces, Passeres, Scansores, Galiirw, 
Oralhv, Palmijyedes. 
„ III. Reptiles. 

Orders : Chelonia, Sauria, Ophidia. 

^ Cours Aleineiitaire d^Hlstoire Xaturelle, Paris, 1855. 
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Sab-Branch 2. Anallantoidians. 
Cta» I. Bat ft AC El I AM4. 

Orders : Anura, L'txn/el-t, I'rr^miln'nnehui, 
Coieitut. 

„ IL FlSHBfl, 

Section 1. Ouei. 

Orders; ArantKoptrry^i, AMominalfs, Stilt- 
bmchiif Apodtt, Lopheliranckii, Pleeto- 

Section "i. Chcmdrvjiterygii. 

Ordia* : Sturi<mf', SelachU, Cjrr/o»f«ni. 

Kh II. Entomozoa or AnoelatiL. 
Sab-Branch 1. Arthropoda. 
Ciaem L IssECTA, 

Orders : Coleoptrm, Orlhoptera, Nrvropfrnt, 
Jfymfouptfra, J,epidvptfra, Unnifitera. Di- 
ptera, Rkipi/itmi, Anopfrum, T/tj/snmirn. 

Ordeni : Chilo'jYVLUut and Chilapoda, 
„ nL AKAOHHtiia. 

Orders : Pulmonarvt and Tmchearia^ 
„ XV. CkosTacka. 

Section 1. PodophOalmia. 

Orders : Deeapada luid Stittaopoda. 
Section 2. Edriaphthaimia. 

Order? : AinpAip'/dit, LoTitodipcida, and 
Impixla. 
Swtion 3. Braiu-Aiopodtu 

Orders : OUrtuodti. PhplUipoda, and Tri- 

Suction 4. Entomtntraea. 

Orders : Copepotla, CUtdcerm, Siphtmott/nan, 
Lrrumda, Cirriptdia. 
RocUon i. Xipkemmra. 
riie <nden of the cLmks which follow uv nut prtm in ihc 
^qvotod.) 
(finb-Bnurli 'i. Venuea 

Claaa I. AxsKuns. Claw IV. CKtramtx. 

n It UKUUyTBs. „ V. RoTAitwu. 
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UraDch III. Halacozoaria or Molliisca. 

Sul>Braiicb 1. MolIUSca projier. 
CIa88 1. CKPHALoron.*. Clasa HI. tiAnnftoraDA. 

„ n. PtKROTODa. „ TV. ACEPOALA. 

Sub-Branch 2. Molluscoidea. 

Class I. TtsicATA. C'lasg 11, Brvozoa. 

Branch TV. Zoophyiea. 

Sub-Branch I. Radlarla. 

Class I. EcHisoDEKMa. OlasM HI, Coraixaria Or 

„ II. AcALEPHS. I*f>LYM. 

Sub-Branch 2. Sarcodaria. 

Ctaas I. IxFUSOKiA. Claas II. SPuNniASU. 

In England T. H. Huxley adopted in his kttures 
(18G9) a classification which was in many respect* 
similar to both of the foregoing, but embodied im- 
proveraenta of his own. It is aa follows : — 
Sub-Kingilom I. ProtOZOa. 

Classes: Rdizopopa, OR&^titiNiPA, Radiolablv Srosonu. 
Sub-Kingdom II. Infusoria. 
i^ub-Kingdom HI. Coelenterata. 

Classes: Hykihikoa. Aitino/.im, 

Sub-Kingdom TV. Annuloida. 

Classes: Si ui.Kcnn, EchinodkrmaTA. . 
Suit-Kingdom \'. Annulosa. 

Ctasaos : Chustai-ka, Akachsida, MYBurODA, I>>uu7rA, C**- 

TDfiSATHA, ANSELIDA. 

Sub-Kingdom VL MoUuSCOida. 

Classes: Poltzoa, Beaphiopoda, TrsicATA. 
8ub-Kingdom VII. Mollu&ca. 

Classes: Laxellihramchiata, BKAMTHtoCAsnomnA, Pruiii- 

IJASTBOroPA, pTiaiOFOD.l, CeFBAU>PODA. 

Sub-Kingdoui VTTT, Vertebrata. 

Classes; Pisi^Ks, Ami-iiihia, Hkitii.ia, Aves, MaVHAUa. 

We DOW arrive at ttic period when the docLritie of 
orgauic evolution was estabiishod by Darwiii, Mid 
when naturalists, being convinced by him ns tbey 
had not been by the transmutationiBta of fifty years' 
eai-licr date, were compelled to take an entirely new 
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^Hl' natural " classification. 

^^ft Many zoologists — promiiteut among them in Great 

^HSrituin being Huxley — had been repelled by the airy 

fimcies and assumptioua of the "philosophical" mor- 

phologists. The eflforts of the best minds in Zoology 

^,iiad twen directed for thirty years or more to ascer- 

aing with increased accuracy and minuteness the 

ticture, microscopic and groBS, of all accessible forms 

f animals, and not only of the adult structure but of 

I steps of development of that structure in the 

Eowth of each kind of organism fi-om the egg to 

laturity. Putting aside fantastic theoriL-s, these ob- 

1 endeavoured to give iu their clasaificationa a 

ictly objective representation of the facts of animal 

nctnre and of the structural relationships of animals 

DOQC another capable of demonstration. Thu groups 

Hthio groups adopted for tbis purpose were ueces- 

lily wanting in symmetry : the whole system pre- 

Bted a strangely irregular character. From time to 

me efforts were made by those who believed that the 

attor must have followed a symmetrical system in 

\ production of animals to force one or other arti- 

il, neatly balanced scheme of classification upon the 

I world. The hiat of these was that of Louis 

Bsiz {Essay on Claanification, 1859), who, whilst 

[ all previous classifications, pro]X)unded a 

' his own, in which, a« well as in the criticisms 

ivatems, ■ 



R applie 



r sya! 



leading i 



l>-kiugdomB, (!hL<ue9, orders, and families have a real 
Hebeld that it in itossiblv tousccrtaio and 
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dlBtinguish characters which are of class value, others 
which are only of ordinal value, and so on, so that the 
classes of one sub-kingdom should on paper, and in 
nature actually do, correspond in relative value to 
those of another sub-kingdom, and the orders of any 
one class similarly should be so taken as to be of equal 
value with those of another class, and have been 
actually so created. 

The whole position was changed by the acquies- 
cence, which became universal, in the doctrine of 
Darwin. That doctrine took some few years to pro- 
duce its effect, but it became evident at once to those 
who accepted Darwinism that the natural classification 
of animals, after which collectors and anatomists, mor- 
phologists, philosophers, and embryologists had been 
so long striving, was nothing more nor less than a 
genealogical tree, with breaks and gaps of various ex- 
tout in its record. The facts of the relationships of 
animals to one another, whieh had been treated as the 
outeonie of an inscrutable law by most zoologists and 
glibly explained by the tn\nsoendental morphologists, 
w oiv amongst the most powerful j\rguments in support 
of Oarwins theory, sinee thev, tos^ether with all other 
vital phenomena, iweived a sutheient ejtplanation 
ihrv>Ui:rh it. It is to l>e noted that, whilst the zoolo- 
ijieal svstem tix^k the form of a sjenealoirioal tree, with 
main stem and numeix^us divenriufir brinehes, the 
aeiual form of that tree, its limitation to a certain 
numlvr of bnuu hes ov>m^six>ndiug to a limiteii number 
of diven:^nuvs in structure, came to iv rei::^rded as the 
ucvvssary ^x^nsoqueuce of the ojxM:!ition of the physico- 
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^Hpiat the ultimate explanation of that limitation is to 
be found only in the constitution of matter itself. 

The first naturalist to put into practical form thai 
osequencea of the now theory, in so far as it affected 
lological classification, was Ernst Haeckol of Jena 
, 1834) who in 18G6, seven years after the publica- 
1 of Darwiu'a Origin o/Sftecics, published his aug- 
rtive Genertille Morphologic, Haockel introduced! 
bto classification a number of terms intended to indi- 
pte the branchings of a genealogical tree. The whole! 
or scheme of elassification was termed : 
^cal tree {Stammbatim) ; the main braiicheal 
med " phyla," their branchings " sub-phyla " ; 
' great branches of the sub-phyla were termedll 
pdadi," and the " cladi " divided into " classes," thcsal 
3 sub-classes, these into legions, legions into orders,,] 
ders into sub-oniers, sub-orders into tribes, tribes! 
> families, fiimilies into generii, genera into species.! 
^ddirional branchings could be indicated by similarj 
US where necessary. There was no attempt iafl 
sckera use of these terms to make them exactly o 
! than approximately c<]ual in significance ; sue] 
empts were clearly futile and unimportant whcM 
i purpose wn-t the *'xhibition of lines of descent, andl 
Acre DO natural ctjuidity of ^>up» wiu to be expected'! 
hypothesi. Uacckel's cIa«sificution of 18C6 waa| 
by a first attempt, fn the edition of the NatiiHici 
^fungggeschirhii; published in 1868, he made i 
t advance in hi« genealogical classiticjitioii. sino 
I now introducdi the results of the extraordinaj 
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activity in the study of Embryology which followed on 
the publication of the Oriyin of Specie*. 

The pre-Diirwiiiiau systematista since the time of 
Von Baer had attached very great importance lo 
umbryological fects, holding that the stages in nn 
iuiimal's development were often more signitieant of 
its true affinities than its adult structure. Von Bmt 
had gained unanimous support for his dictum, "Die 
EntwickelungegeBchichte ist der wahre Lichttriiger fUr 
Untersuchungen uber organiache Korper." Thuji J. 
Miiller's studies on the larval forms of Echiuodenn* 
and the discoveries of Vaughan Thompson were up|HV- 
ciated. But it was only after Darwin that the eell- 
theory of Schwann was extended to the Emliryolc^ 
of the animal kingdom generally, and that the know- 
ledge of the development of an animal become a 
knowledge of the way in which the millions of cells of 
which its body is composed take their origin by 6sfUou 
from a smaller number of cells, and these ultimately 
from the single egg-cell. Kotliker (Drvehprnent of 
Cephalo}M}dif, 1844), Kemak {Development iff'ihe /Vcy, 
1850), iind others had laid the fouuihxtions of this 
knowledge in isolated examples ; but it vras Kowolcw- 
sky, by his accounts of the develojimeut of Ascidians 
and of Amphioxus (1866), who really made zoologisto 
see that a strict and complete cellular embryology of 
animals was as necessary and feasible a factor in the 
comprehension of their relationshipH aa ut the begin- 
ning of the century the coarse anatomy bod been 
ihown to be by Cuvier. Kowalewsky'B work ap- 
peared between the dates of the Qvnenile Morphtt- 
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>ffie aud the Schopfungsgeschichte. Hacckel Iiiinself, 
iritU his pupil Miklucho-Maclay, had in the meantime 
ide studies on the growth from the egg of Sponges, 
ndies which resulted in the complete seiKU-ation of 
iie unicellular or equicellular Protozoa from the 
onges, hitherto confounded with them. It is this 
rintroduction of the eonsidcnitiou of eel I- structure and 
cell-development which, subsequently to the etitab- 
iiabment of Darwinism, has most profoundly modified 
E views of systematists, aud has led in conjunction 
^th the genealogical doctrine to the greatest activity 
I rcaeareh, — an activity which culminated in the 
ttk (1873-1882) of F. M. Balfour, and produced the 
lofoundest modifications in chmsification. 

Haeckol's ojirlier pedigree is worth comparing with 

i second cSbrt, as showing the beginning of the infiu- 

e just noted. The second pedigree is as follows : — 



u 



I BuarCLAKtA. 

/ SposuiJt. 



/ Arthrson. 

I PUmmuln. 
\ Oatlnrada. 

Porifera. 
I CaraUa, 

\ ClmofJumt. 
I'tntghtlm mtha. 
XrmaiMtHiniha 
Mrytaoa. 
Ttmifala. 
JtiynrAonrla. 
lifjiKjfnTa. 



An„'f'-'T 
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Metazoa or ^«?erost>a,Haeckel gave tlie namvOastraa; 
the embryonic form which represente Ui the iudividiul 
growth from the egg this ancestral condition he called 
a "gastrulii." The term "dil)IaBtuIa" ha« more recently 
heen adopted ill Euglimd for the "gastrula" of HaeckeL 
The tracing of the exact mode of development, cell by 
cell, of the diblastiila, the eoelom, and the varioo* 
tissues of examples of aJI classes of animals has been 
pursued during the last twenty years with immense 
activity and increasing instrumental focilitieB, and U 
still in progress. 

Two names in connection with post-Darwiniaa 
taxonomy and the ideas connected with it requite 
brief mention here. Fritz Mtiller, by his studies on 
Crustacea {Fiir Darwin, 1864), showed the way in 
which genealogical theory may be applied lo the 
minute study of a limited group. Hp is also respon- 
sible for the formulation of uu important prindpl«, 
called by Haeckel "the biogenetic fundamentJiI Iiw." 
viz. that an animal in its growtli from the egg to the 
adult condition tends to pass through a sericH of stages 
which are recapitulative of the stages through wtiich 
its ancestry has passed in the historicAl development 
of the apeeiea from a primitive form ; or, more shortly, 
that the development of the indiWdual (ontogeny) is 
an epitome c»f the development of the ra<;e (phylogeny). 
Pro-Darwiuiaa zoologists hail been aware of the class 
of facts thus interpreted by Fritz Miiller, but the 
authoritative view on the subject had been that thcsre 
is a paralleliam between («) the scries of forms which 
occur in individual dovelopmeut, (h) the Beriefl of 
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listiQg forma from lower to higher, ami (c) the aerioi 
f forms which aucceod oiiu another in the strata ofi 
B earth's crust; whilst an explanation of this parallel- 
a was either not attempted, or was illusively oiferedi 
I the shape of a doctrine of harmony of plan in crcu- 1 
It was the application of Fritz Miiller's law off 
sapitulation which gave the chief stimulus to recent J 
bhryolngtca] investigations ; and, though it is QOWa 
iognised that "recapitulation" is vastly and bo-| 
Ideringly modified by special adaptations in every I 
», yet the principle has served, and still serves, aa| 
[uidc of great value. 

Another important factor in the present condition I 
Ixoological knowledge as represented by classification I 
Ithe doctrine of degeneration propounded by AntonI 
phm. Lamarck believed in a single progressive! 
rics of forma, whilst Cuvier introduced the conception 1 
of branches. The first post-Darwinian systematistaJ 
laturally and without reflection accepted the ideal 
tat existing simpler forms represent stages in thef 
idual progress of development, — are in lact surv'ivors i 
I past ages which have retained the exact grade 
i development which their ancestors had reached in 
; ages. The a-ssumption made was that (witli the , 
e exception of parasites) all the change of structuro-fl 
gh which the successive generations of animalaW 
i paused has been one of progressive elaboration.! 
lis Dohm's merit to have pointed out' that Uiia 
itutti i« not warranted, and that degeneration a 
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progressive simplification of structure may have, and 
in many lines certainly has, taken place, as well as pro- 
gressive elaboration and continuous maintenance of the 
statics quo. The introduction of this conception neces- 
sarily has had a most important effect in the attempt 
to unravel the genealogical affinities of animals. It 
renders the task a more complicated one ; at the same 
time it removes some serious difficulties and throws a 
flood of light on every group of the animal kingdom. 

One result of the introduction of the new concep- 
tions dating from Darwin has been a healthy reaction 
from that attitude of mind which led to the regarding 
of the classes and orders recognised by authoritative 
zoologists as sacred institutions which were beyond 
the criticism of ordinary men. That attitude was 
due to the fact that the groupings so recognised did 
not profess to be simply the result of scientific reason- 
ing, but were necessarily regarded as the expressions 
of the ** insight" of some more or less gifted persons 
into a plan or system which had been arbitrarily 
chosen by the Creator. Consequently there was a 
tinw of theolosjical doijmatism about the whole matter. 
To ilonv the Linna\'in, or later the Cuvierian, classes 
was vcrv much like denvinsf the Mos;iic cosmosronv. 
At the present time systematic Zooloofv is entirely 
tVcc from any siuh prejudices, and the Linnjean taint 
whii'h is appaixMit even in Haeckel and Gegenbaur 
may be considcri^l as tinally expungcil. 

A clarification which oxpn^j^os the probjibilities 
of ircnealoiriciU n^ationships as indicated bv the latest 
n\^ults of investiir^uion. is that at which everv teacher 
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^^^feoology now alms. That which at the prciteiit 
^^Hnent commends itself to me h represented by the 
^groealogiciil tree and tlio tabular statrments which 
are printed at the eiul of this esaay.' The chief points 
s chissification axe the inclusion of BcUanoglossus 
\ the Tunicata in the phylum Vertelirata, the 
ciation of tlie Rolifera and the Clt(Ploj)oda witli 
t Arthi'vpoda in the phylum AppeiuOculata, the 
ision of Limuhui jind the Euryjjterina in the 
Arachnida, and the total abandoning uf the 
nite and indefensible group of " Vermes." 
Ve have uow traced the history of the morpho- 
bhy of animals so as to show that increasingly in 
saive epochs independent branches of knowledge 
B been brought to bear on t he eonsideratiou of the 
1 problem, namely, the discrimination of the kinds 
the relations to une another of animal formi^. 
Before glaueiug at the history of the remaining 
hninclies of zoological science, which have had an 
independent history whihtt ultimately contributory to 
Taxonomy and Murphograpliy, it may be briefly 
pBt«d out that the accumuhition of knowledge with 
to the distribution of animal forma on the 
i surface and in the mas has progrcsst-d simul- 
loasly with the discrimination of the mvru forms 
3 species themselves, as has also the knowlwlgi- 
ived from fossilised remains as to the characters 
^mier inhabitants of the globe. Both these sub- 
■ious of Murphogruphy hnvc contributed to •' 

I TIm! duMifimliou intv gitto U nut quile ilie msiv m ll: ' 
a Un Encj/fl<-p-niia Dntanmtm ill l»sfl. 
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establishment of Darwinism, — the one (jialseantolog)') 
by direct evidence of organic evolution in time, tlie 
other (zoo-geography) in a more indirect way. 

Alfred Russell Wallace stands prominently forwanl 
lis a uaturalist-traveller who by his obsen-ations, 
chiefly on Lepldopternus Insects, in both Soulli 
America iind the Malay Archipelago, was led to tbe 
conclusion that a production of new species is acttiallv 
going on, and that, too, by means of a procesti of 
natural selection of favourable variations. Wallace 
and DaTR-in, who each recognised conlially iuid folly 
the other's work, laid their views before the Lianean 
Society on the same day — 1st July 1858. 

The facts of the geographical distrihution of ani- 
mals were systematised, and great zoo-geograpfatcnt 
provinces first clearly recognised, by P. L. Sclater' in 
1858. The a|>plication of the Darwinian theorj' to 
the facts tabulated by Sclater, combined with a 
knowledge of the distribution of animals in past geo- 
logicjil periods, has led to a f\ill explanation of the 
migrations of terrestrial animals, and has fnruished * 
striking corroboration of the sufficiency of tbe doctrine 
of organic evolution, as reformed by Darwin, to 
account for all the phenomena of Zoology. 

The study of the marine feuna by means of Uie 
dredge and trawl bad been cnthnsiastically prosecuted 
by British, French, and Scandinavian naturalists in 
the two decades before Darwin's book ; the collection 
of forms, the discovery of new species, and the record- 
ing of their bathymetrical and local distribntion ] 

' Jaiirnai of th* Ptot. Linnitan Sot. ZoU. toL ii. p 
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produced a great mass of knowledge through the 
labours of E. Forbes, Gwyn-Jeffreys, Sars, Quatre- 
fagcs, Nornian, an<l others. The post-Darwinian 
devclopmouts of this line of inquiry have lieen two. 
In the first place, dredging and trawling have been 
extended by the aid of stcaniships of the Norwe^an, 
British, American, French, and Italian navies into 
greater depths than were previously supposed to con- 
tain living things. New species and genera, and a 
vast extension of knowledge as to dmtribution, have 
been the outcome of these expeditions, connected with 
the names of G. O. Sars and Danlellsen in Norway, of 
Alex. Agassiz iu America, and of Carpenter and 
Wyville Thomson in Great Britain. It is worthy of 
note that the practical demand for sounding the 
Atlantic in connection with the laying of the first 
deep-sea telegraph-cable is what led to these explora- 
tions, the first recognition of life at these great depths 
in the ocean being due to Dr. Wallich, who accom- 
panied a sounding expedition in 18G0 to the North 
Atlantic, and to Professor Fleeniing Jcukiu, who iu the 
same year acted as engineer in raising the submarine 
cable between Sardinia and Africa, upon whicJi living 
corals were found. In the second place, the study of 
marine Zoology has, since the publication of the Origin 
i^ Species, been found to require more complete 
vrai^emcntA in the fonn of l»1)orat«)ries and atpiaria 
thu the isolated vacation student could bring m'ith 
him to tlie seaside. Seaside laboratories have come 
the first was founded in France by 
169) at Couuirncau (Brittany), again wit'' 
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practical end in view, viz. llic study of food-fiahet 
with an aim to pisciculture. The demand for a 
knowledge of the embryology of all classes of aninukls, 
and for further facts &s to the structure and life-hi«tory 
of the minuter microscopic or very delicate; fomw of 
marine life, is what has determined the multiplication 
of these marine " stations." The largest luid l)eHt sup- 
ported pecuniarily la tlmt founded at Naples hy Anton 
Bohrn in 1872; others exist at Trieste, VUlefraDche, 
Cette, and at New Haven and Beaufort, in the Unitdl 
States, whilst a large laboratory, on a scale In i-umput 
with that at Naples, has this year (1SS8) Ix^en opened 
at Plymouth by the Marine Biological At«*ociation of 
the United Kingdom, 

Another result of the stimulus given to isoologioj 
research by Darwin's work is the undertaking of 
voyages to distant lands by skilled anatomists for Uu 
purpose of studying on tlic spot, and with all lllc 
advantages of abundant and living material, the 
structure, and especially the embryology, of rare mkI 
exceptionally interesting fonus of animal life. In (ht 
pre-Darwinian period of tliis century zoologists wlio 
were convinced of the importance of anatomical und 
embryological study were still content Ui study aped* 
mens immersed in spirit and brought home, often. 
imperfectly preserved, by unskilled collectora, or to 
confine theii- attention to such species as could be 
procured in Europe. Before Cuvicr, as we bare I 
already pointed out, utteutiou was, with rare exoBp- | 
tions, limited to the dried skeletons nud * extenud 
forms of animals. Now, however, the eoterpriauiB 
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^PWnutl, there to study it as fully as po^nible. The 
most imjtortuDt of these voyages has bet^n that of W. 

I H. Caldwell of Cambridge to Australia ( 1 885-1 886) for 

B purpose of studying the embryology of the Mono- 

t and of Ceratmlus, the Hsh-like Dipnoon, which 

I resulted iu the discovery that the Monotrevia are 

larons. Similarly Adam &edgwck proceeded to 

k Cajie in order to study PeripdUts, Uateson to the 

1 of Maryland to study Balanoglossus, and the 

iers Sarasaiu to Ceylon to investigate the cm- 

»Iogy of the CcBcilia. 

i The task of the zoologist has changed and devel- 
1 in every succeeding perio<l. Pure morphography 
I !oDg ceased to be a chief line of research ; and 
r even the preoccupation produced by the addition 
i of the stmly of cellular Embryologj- is about to 
^o n modification by the tU-mand fur knowledge 
Bithe feieta of heredity and adaptation in greatly 
uded detail. 



J-MecHASICW, ZoO-PhYSU'S, ZoO-CnF.MISTRY 



"he development of that knowledge of the stmc- 

i of the human body, and of the chemical aud 

aeai prorcH^es going on in it, which ift necessary 

•the purposes of the meiiieal art, form* a distinct 

y, which has both influenced and been influenced 

lAt of other branches of Zoolog)'. Tlie study of 

nre and com{>osition of tho body of man aud 

iIb nearest to him was until 6fty yeans 
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one with the inquiry into the activities of those pArts, 
and indeed the separation of Anatomy and Pliysiolt^ 
has never been really carried out. For convenience 
of teaching, the deseriptiou of the coarser anatomy of 
the human body has been in modera univeraitiea 
placed in the hands of a special professor, theoretically 
condemned to occupy himself with the mere formal 
details of structure, whilst the profeasor f)f Phyfiiology 
has usually retained what is called " microscopic ana* 
tomy," and necessarily occupies himself with as mocb 
structural Anatomy as is retjuired for a due description 
of the functions of organs and the properties «»f tissues. 
It would seem that in our medical schools aud uui- 
versities these arrangements should be reconsidered. 
Anatomy aud Physiology should be re-uuited and 
subdivided as follows, — (1) Physiology with Anatomy 
in relation to Physiology, (2) Anatomy in relation t" 
surgery and medical diagnosis, — the former being a 
science, the latter a piece of technical training in rule 
of thumb. 

Physiological Anatomy or anatomical Physiology 
has its begiuuiugs iu Aristotle and other olwervera of 
antiquity. The later Grieeo-Romon and the Arabian 
physicians carried on the traditional knowledge and 
added to it. Galen dominated the Middle Ages. 
The modern development begiiis with Jlarvey and 
with the Italian school in which he studied. Ita great 
names are Fabricius of Acquapendcnte (15.17-L61d), J 
Vesalius (1514-1564), Eustaehiua (c. 1500-1574), J 
Riolau (1577-1657), Sevcriuu (1580-165fi). The , 
history of the discovery of the circulation of the bkmA . 
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aod of the contjoversiea connected with it gives 

an interesting and xuflicicDt presentation of the 

anatomico- physiological knowledge of the period. 

The foundation of the scientific academies and the 

^■jecords of their publications furnish thenceforward 

^H^ picture of the progress in this study. As an 

^Barly^ anatomiat Willis (1621-1673), professor of 

^^nbysic in Oxford, deserves notice for his work on the 

^Blnatomy of the human brain, the plates for which 

' were drawn by young Christopher Wren, the prodigy 

of Oxford common- rooms, who later built Si. Paul's 

liCSRtbedral. The Royal Society, in its early days when 

ffrcn was a fellow, met at Grcsham College whenever 

professor of physic there could obtain a human 

dy for dissection, and amongst its earliest recortU 

. the memoirs of Tyson f>n the anatomy of the 

npunzee and tlie experiments on transfusion of 

I, extirpation of the spleen, and such like inquiries. 

Marcello Malpighi (1628-1694) and Anton van 

Leeuwenhoek (1632-1723) were the first to introduce 

die microscope into anatomical research. Malpighi 

t asod the injection of blood-vessels on a large scale, 

1 moreover is to be credited with having first con- 

^Tcd that there is a defiuitc relation of the structure 

f kinds of auiniaU to that of higher and more 

•orate kinds, and that this relation is one of gradual 

Mtion, so that lower animals are not to be regarded 

\ isolated and arbitrary existences, but ore really 

r exhibitions of the same kind of structure and 

ich occurs in higher animals. It is this 

leption which later developed into the thcorj- nf 
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an actual transmutative development of lower into 
higher organisms. Leeuwenhoek discovered the red 
blood corpuscles of Vertebrates, saw the circulation in 
the capillaries of the Frog's foot, described the fibrillar 
structure and cross- striping of muscular fibre, the 
tubular structure of dentine, the scales of the epi- 
dermis, the fibres of the lens, and the spermatozoa, 
these last having been independently discovered at 
Leyden in 1677 by Ludwig Ham of Stettin. The 
spermatozoa were regarded by the " animalculists " as 
the fully formed but minute young which had to be 
received in the egg, in order to be nourished and 
increase in size, and were hailed as a decisive blow to 
Harvey's doctrine of epigenesis and his dictum " omne 
vivum ex ovo." Albrecht von Haller was the champion 
of the so-called " evolutionists " in the eighteenth cen- 
tury, better called " prsBformationists." Haller wrote, 
'* There is no such thing as development! No part 
of the animal body is made before another ; all are 
simultaneously created." A corollary of this doctrine 
was that the germ contains the germs of the next 
generation, and these of the next, and so ad infinitum. 
It was calculated that Eve at her creation thus con- 
tained within her 200,000 millions of human germs. 
This was the view of the " ovists," who regarded the 
egg as the true germ, whilst the '' animalculists," who 
regarded the spermatozoon as the essentiid germ, would 
have substituted Adam for Eve in the alx>ve calcula- 
tion. These fanciful conceptions — containing as they 
do a share of important truth — were opposed by 
Caspar Friedrich Wolfl\ who in his doctorate disserta- 



THE HISTORY AND SCOPE OF ZOOLOOV 



■I^Kticle, and acquires its Btructnre by " epigeuesia " 
or gradual developmeut. Wolff has proved to be 
nearer the truth tlinti Ilaller; Imt modern conceptioDB 
as to the molecuhu- structure of the rgg-protoplasm 
|>oint to a complexity as great as that imagined by 
the evoiutionists. Tiater it was maintained that the 
sptUmaLozoa are parasitic animakules, and thin view 
prevailed for 1 50 years, so that in the Physiology of 
Johnnn Miiller {1842) we read, " Whether the aperma- 
tozoa are parafiirie animalcules or living parts of the 

^^■Biinal in n'hich tliey occur cannot at present be 

^^Bftted nv-ith certainty." 

^^B Physiology in the eighteenth century could only , 
proceed by means of inferences from purely anatomical I 
observation, aided by imaginative conceptions which | 
had no real basis. The explanation of the processes of ' 
life in the animal body was waiting for that progress 
iu the knowledge of phyiucs snd chemistry which at 
laat arrived, and gave a new impulse to investigation. 
Albrecht von Ilaller (1708-1777) was the Erat to 
apply experimental methods to the determination of 
the funrlitjnsof the various ot^ans made known by 
anatomiais, and from him we may trace a bifurcation 
in the ifudencies of medical men who occujned ttiem- 
bItcs witlt the study of the structure and functions J 
iio aiiimal orguuimn. The nn^ class proceeded more I 
I more iu the direction of comparative imatomy, the | 
ler in the direction of exact analysis and moastue- 
tofc of both the structure and pro]iertie8 of the orguu 
TerlebratL- auimid.s altiud tu man and of man himselC 
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Jolm Hunter (1728-1793) is the mtwt 
figure of this epoch in the rehitioii of medicine 
general zoological progress; his museum, pre&ervcd 
in Lincoln's Inn Fields, London, by the coinbintMl 
action of the atate and the Royal CoU«ge of Sur- 
geons, ia an abiding record of the histoiical progre« 
of biological science. Hunter collected, dissected, 
and described not only higher but lower auinmla, with 
the view of aiTiving at a knowledge of the function 
of organs by the most extensive and systematic survf 
of their modifications in all kinds of animals, 
purpose was that of the physiologist and medi( 
but he made great contributions to the general 
ledge of animal structure. The same class of 
gations, when taken up by Cuvier from the 
view of systematic Zoology and Morpliology, 
reconstruction of classification and laid the foundatitm 
of anatomical Zoology. Himter was thc^ younger 
iirother nf WQliam Hunter, who also formed an im- 
portant museum, atill preserved in Glasgow. Huutet 
classified tlie organs of animals into those which sub- 
serve the preservation of the individual, those whidi 
subserve the preservation of the species, and those 
which are the means nf rcktiou with the outer world, 
and he arranged hi.s museum of dissectiona and 
parations on this plan. 

The great progress of cheiniatry at the end 
eighteenth and the beginning of the nineteenth ( 
was followed by an application of chemical lai 
chemical methods to the study of aninml life. 
ously enough, as showing how deeply Intcirwoi 
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^^B) Tarious lines of scientific progress, PriesUvy iu 
^^Hk discovery of oxygen vtas as mucli conccraed 
^^p the study of a chlorophyll -bearing Protozoon, 
^^mKflena viritlis, as in that of the red odd« of 
mercuT)'; and the interest iu "vital spirits" as a 
physiological factor was an important stimulus to 
^^hoBc ^t^searches which produced modern chemical 
^^howledge. 

^^B The purely anatomical side of physiological pro- 
^^HBBs is marked iu the beginning of the nineteenth 
^Ktury by the work of Biohat (1771-1 80*2), who distin- 
^^lisUed by naked-eye characters the different struc- 
tural materials of which the organs of man anil the 
higher animals are built, and thus founded iu first out- 
line the science of Histcilogy. By the end of the first 
qaarter of this century it had become clear to the 
^^Kods of the anatomico-physiological students of 
^^Bmal life that the animal body was subject to the 
^^jBe phyaicid laws as other matter, although it was 
still held that some lulditioual and myst«riou8 agent 
— so-called " vitality" — was at work iu living bodies. 
[t bad become clear that animal material could be 
investigated chemit^ly, find that the processes of 
digeatiou, aasimilatiou, respiration, and secretion were 
chemical pi-ocesses. 

To a considerable extent the chemical comjiosition 

and pro[icrtieii of the tissues, au<I the chomioat nature 

^■<f the various changes of life and of putrefaction after 

, bad been investigated, but one step was yet to j 

iken which brings thu etudy of ultimate structure, I 

] activity, forui, and thu development uf form 
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to a single focus. This was taken by Tlicodori; Schwann 
(I810-18SI), who in 1839 published his epoch-making 
cell-theory. Schwann was a pupil of Johann MUller, 
and there can he Uttlu doubt rJinL the ideaa of the 
pupil are to be credited in some measure to the mnatct 
Schwann took up the thread of microncopic investiga- 
tion which had been sedulously pursued by a dUtitlct 
line of students since the duya of Hook aud Lceuwen- 
hoek, and had resulted in a general doctrine among 
l)otanists of the cellular structure of all the parts of 
plants. Schwann showed not only that plants aw 
uniformly built up by these corpuscular units (of 
which Robert Browne in 1833 had described the 
peculiar nucleated structure), but that all animal 
tissues are also so built up. That, however, was not 
Bchwann's chief point. The cell-theory for which be 
is fomouB is tliis, that Ujc substance of the iodividiiai 
cell is the seat of those chemical processes which scAd 
en mn^se we call life, and that the differences in the 
properties of the different tissues and organs of animals 
and plants depend on a difference in the chBmical nnd 
physical activity of the constituent cella. natultiug iu 
a difference iu the form of the cells and in a conumai- 
tant difference of function. Schwann thus pointed to 
the microscopic cell-unit as the thing to be studied in 
order to arrive at a trui.' knowledge- of tlio processes 
of life and the significance of fonn. Iu fonnding tbo 
study of cell-eubstAncc (or protoplasm, as it wassab- 
seqiicntly called by Max Srhultze in 1861, nduptiog 
the name used by botauiiitii for vegetable ruU-t-ontents) 
Schwann united two lines of inquiry, vix. thit o{ 
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^^^Kiute investigation of structure and development I 

^^Bd that of zno-chemietry and zno-physicH. He spent I 

a large part of the next forty years in an attempt to I 

penetrate further iuto this structure of cell-sulistunce ; I 

} hoped to be able to find iu cell-substance ultimate I 

isiblu molecules, a knowledge of the arrangement J 

, characters of which would explain the varj-ing J 

wrties of protoplasm. 

I It is not a little remarkable that Schwann, who J 

1 brought about tiie union of physiological and I 

phological study by hia conception of cell-sub- I 

Ucc, should also have been the initiator of that I 

iecial kind of experimental investigation of the ] 

ysical properties of tissues by the exact methods I 

by physicists which, by the aid of the kymo- 

phion, the thermo-electric pile, and the galvano- 

ter, has been so largely pursued during the last I 

rty years in our physiological laboratories. It is 1 

lapa loits surprising that Schwiuin, who had sol 

I a couceptioD of the activity and potentialities I 

l the cell-nnit, should have been the discoverer of I 

) immensely important fact that putrefaction and I 

oentation ari.- not tlie conscquen<»;3 of death but I 

pife,aud that without the presence of living Bac/tn'a 1 

efaction does not occur, whilst he also is the di«- I 

>«rer of the fact that the yeast which canses alcoholic j 

Dentation is a mass of unicelluhir living organisma. | 

I From Schwann's time onward the cell becjune | 

? and more the point of observation and experi- 
nt in the progivBs o( both Moq)h'>gra])hy and Physi- 
It was soon shown, rhicfly through KoUiker ' 
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and Romaic, that all cells originate by fission from 
pre-existing cells, — a fact nnknowii to Scrhwann, — 
and the doctrine "omnis ccllula e cellula" was cfstah- 
lished. It was also demonstrated that the MamnuiUan 
egg discovered by Vou Baer was a typical nucleated 
cell, and that all animals, and plants also (this general- 
isation took tliirty yeara to esUiblisli), tuke their 
origin from an egg, which is in essence and in fiu-'l a 
single nucleated cell The doctrine of Harvey, "omno 
vivnm ex ovo," thus received its most ample justifica- 
tion. The study of "growth from the (.-gg" bccamu 
necessarily a study of the multiplication by flssioii of 
the egg-cell and its fission-prodncts, their arrangeDieiit 
in layers, and the chemical motamorphosis of tbair 
substance and exudations. This study, as well u 
the allied investigation of the cell-stnicture of the 
adult tissues, was immensely facilitated by methoda 
of hardening, staining, section -cutting, and rlarifying 
which grew up after Schwann's time, and have their 
present highest development in the automatic micro- 
tome of Caldwell, which can 1)6 worked by a motor, 
and delivers consecutive sections of animal tiasnea or 
embryos j-jj'jnith of an inch thick, arranged in the 
form of ribbons, ready for examination with tho micro- 
scope, at the rate of one hundred or more per minute. 
Strieker of Vienna was the firrt to embed embryos in 
waxy material for the purpose of cutting thin ^ectinns 
of them, about twenty-five yoara ago, and R. I*ackjirt 
of Leipaic was subsequently the first to employ this 
method in tlio atady of the stracture of snuU hi- 
rurtebratiL 
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IThe knowledge of the anatomical facts of cellular 
elopment anil rellular structure necessarily gave 
immeusiily increased precision to the notion of grada- 
rion of structure in the animal series from simple to 
complex, and rendered Darwin's doctrine the more 
readily accepted. It was not, however, until after 
Darwin's date (1859) that the existence of unicellular 
animals was fully admitted, and the general facta of 
cellular Embryology establiahed throughout the animal 
kingdom. 

Similarly coUolar PhyBiology, by catabliabiog the 
conception of a simple optically homogeneous cell- 
pubstance as the seat of the activities which we call 1 
" life," rendered it iMjssilde to accept the suggestion I 
of 11 simple "substance of life" which might have J 
buen evolved from simpler non-living matter by | 
natunil processes depending on physical and chemical | 
laws. It is noteworthy that Darwin himself appears I 
not to have been infiuem-ed directly by any sach [ 
physiological or chemico-pliysieal doctrine aa to " proto- 1 
plasm " or cell-substance. Nevertheless the way was I 
prepared for the reception of Darwin's theory by this 
state of physiological knowledge. 

The word "protoplasm" requires a little further ] 
notice. Protoplasm was applied by Von Mohl and 
J Max tSchuttze to the slimy substance of the evil 
eluding therein both the general thinner material I 
the nucleus. It is, as Roecoe remarked at I 

inehcster {Brit. Ass. Additsa, 1887), a structure! 
not a chemical body. Nevertheless gradtullf J 

raiologiatft have come to use the word " protc 
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for one of the chemical substances of which Schultze's 
protoplasm is a structural mixture — namely, that 
liighest point in the chemical elaboration of the mole- 
cule which is attained within the protoplasm, and up 
to which some of the chemical bodies present are 
tending, whilst others are degradation products result- 
ing £ix>m a downward metamorphosis of portions of it. 
This intangible, unstable, all-pervading element of 
the protoplasm cannot at present be identified with 
any visibly separable part of the cell-substance, which 
consists of a hyaline denser network of excessive 
tenuity, of a less dense hyaline liquid, and of finest 
and less fine granules of varying chemical nature. 
This "critical" substance, sometimes called "true 
protoplasm," should assuredly be recognised by a dis- 
tinct name "plasmogen," whilst protoplasm retains 
its structural connotation. 

The study of the process of fertilisiitiou and of the 
siguifioauee in that process of the distinct p;irts of 
the spenn-i*ell and egg-cell — the sepamti- fibrillar and 
granules of the nuclei of those cells — at the present 
moment forms one of the engrossing suljects ot zo**- 
logical investigation.^ Not less imp^^^^niini is the 
descent, as it wore, of physiological invcs:iga:ii:»n in 
relation to everv origin into the arena of iLe cell : 
diirestion, seiToti^-ai, muscular contraction, nervv a<t:oii. 
;dl are now questions of Plasmolog}*. or :Lv srjiiy i*:* 
ivll-subst;mcc foundevl l»v S-hwann. 
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General Tendency ok Zoolocy since Dajiwin 

The Berious and broadly-based atudy of bionomics 
which was int.ro<luced by Darwin, and in his hands 
gave rise to the doctrine of uatund SL-lection, by which 
the hypothoaifl of the origin of species by gradual 
transmutation in the natural process of descent from 
ancestral forma was established as a scientific doctrine, 
can hardly be said to have had any histury. Bufibn 
(1707-1788) alone among the greater writers of the 
three past centuries emphasised that view of living 
things which we call " bionoinira." Buffon deliber- 
ately opposed himself to the mere exposition of the 
Bteuctural resemblances and diiferenccs of animals, 
disregarding classification, devoted his treatise 
latard history to a consideration of tlie habits of 
* and their adaptations to ihcir surroundings, 
I special volume was devoted by him to the 
, of reprcMJuctioD. In special memoirs on this 
Jiat animal, luid in a sulmrdinate way in system- 
i works, material is to bo found helping to build 
I knowledge of bionomics, but Buffou is the only 
linent writer who can be accorded historic rauk in 
study.' The special stndy of man in these 
ktionii — such us is eonccruud with the statistdcs of 
bulalion — must be considered aa ha^-ing contributed 
import-antly to Darwin's wider study of bio- 
biica in gencnd. Tlie work of Alaltlnis On Pojntla- 

I Tb«i imun lihmtj Miurce* m»d« um of bj Duwin u« llw 
« naA tnutue* 4>( borticiiUuruta, Cuidcdi, pigeon-fuieian, tnd 
t, in bet whut ts ix>ni[iriMd iu t)ie FitU iic«-«iia|ier. 
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tion (1798) exercised the most important influence on 
Darwin's thought, as he himself tells us, and led him 
to give attention to the facts of animal population, 
and so to discover the great moving cause of natural 
selection — the struggle for existence. Darwin may 
bc5 said to have founded the science of bionomics, and 
at th(^ same time to have given new stimulus and new 
dinu^tion to Morphography, Physiology, and Plas- 
niology, by uniting them as contributories to one 
common biological doctrine — the doctrine of organic 
Involution — itself but a part of the wider doctrine of 
universal evolution based on the laws of physics and 
chomistry. 

The full influence of Darwin's work upon the 
pix>grt\H8 and direction of zoological study has not yet 
lHM>n 8oen. The immeiliate result has been, as pointed 
out above, a reconstruction of the classification of 
animals upon a gonoalogical basisv, and an invesriga- 
tiou of tho individual development of animals in rela- 
tion to the steps of their gnulual building up by eell- 
divisioiK with a view to obtaiuinir evidenee of their 
gxM\etio ivlativMiships, On the other lumd, the stuilies 
whieh vveuinetl Harwin himself s<.^ l;uv[vlv sul^5<\)uentlv 
to the puMieaiion of the OriKji', r-f' ^/1^^r\<, viz. the 
e\planat:vM\ of animal ^auvi vegx^iaKi^ n^tvhanism, 
oolour:nc^ habiu^ ete., as advaiitaiTtvus :o :hr six-.itrs 
or ;o l:s au^vstors :n faoi. the r.tw Telx:\I:r^\ — Liis 
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^^Bjlld by August Wcismann (memoirs translated by 

^^Hfelilola). Here and there observations ore irom time 

I to time published, but no large progress has yet l>eeii 

made, probably on aecouut of the fact that animals 

are exceedingly dilficult to keep under observation, 

aud that there ia no provision in universities and like 

institutiona for tlie pursuit of these inquiries, or even 

for their acawlemii: representation. More has been 

, done with plants than with animals in this way since 

rin, probably owing to the same cause which has, 

Ivor aiuce the revival of learning, given Botany a real 

jdvantoge over Zoology, namely, the existence of 

Pphysick " gardens, now become " botanical " gardens, 

I the greater ease of management, experiment, and 

(crvatiou in the case of plants than in that of 

uil& It is true that zoological gardens have 

rted for the last fifty years in all large European 

tties, but these have always been conducted with a 

lew to iMjpular exhibition ; and, even where scientific 

ifluenccs have been brought to bear on their manage- 

nt, they have been those of the morphographer and 

rstematist rather than of the bionomist. Moreover, 

logical gardens have never been part of the eqaip- 

ot of the university professor of Zoology, aa it may 

i hoped in future will be the easo. The foundation 

it marine biological laboratories under the control of 

iDtiHc zoologistH offers a prospect of true bionomic 

Tatiou and experiment on an increased scale in 

lie near future, and, were such laboratories f.ui ' 

in our universities and provided with the ne<.' 

oplinm-...; f.ir keeping terrestrial and fivshvi.iUi 

2 B 
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animals, as well as marine forms, alive and under 
observation in conditions resembling as nearly as 
possible those of nature, a step would have been taken 
towards carrying on the study of Bionomics which 
cannot long be delayed. It seems to be even more 
important that the academic curriculum of Zoology 
should not, by mere mechanical adhesion to the old 
lines of Morphography, and experimental research on 
the chemical and physical properties of tissues and 
organs, confine the attention and training of young 
students to what are now, comparatively speaking, 
the less productive lines of research. 

If we turn to the other branch of Bionomics, that 
concerned with the laws of variation and heredity 
(Thremmatology), we find that since Darwin, and 
independently of his own work, there has been a more 
obvious progress than in Teleology. In the first place, 
the continued study of human population has thrown 
additional light on some of the questions involved, 
whilst the progress of microscopical research in the 
hands of Biitschli, Hertwig, Balfour, and August 
Weismann promises to give us a clear foundation as 
to the structural facts connected with the origin of 
the egg-cell and sperm-cell and the process of fertilisa- 
tion. This is not the fitting place in which to give a 
sketch of the doctrines and h}^otheses of Thremmat- 
ology. They may be gathered from Darwin s writings, 
more especially the Origin of Species and Animals 
and Plants under Domestication^ They relate to 

^ The rtailer is also referred to Ribot's LHeredUe\ and the writing:? 
of Charles Darwin's cousin, Francis Gallon. 
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the causes of variation in animala and plants, the 
laws of the transmiflsion of parental characters, the 
ire of each parent in the production of the chsr- 
■rs of the offspring, atavHsm, and the relations of 
ig to parents as to number, sex, nourishmeotr and 
itection. 

An important development of Darwin's conclo- 

sions is actually in progress and deserves special 

notice here, as it is the most distinct advance in the 

ipartment of Bionomics since Dorwiu's own writings, 

at the same time touches questions of funda- 

lUtal interest. The matter strictly relates to the 

ideration of the " causes of variation," and is as 




The fat't of variation is a familiar one. No two 

uimals, even of the same brood, are alike : whilst 

hibiting a close similarity to their parents, they yet 

lent differences, sometimes very marked differeuces, 

rom their parents and from one another. Lamarck 

3 put forward the hypothesis that structuni) altera- 

i acquired by a parent in the course of its life arc 

nitted to the offspring, and that, as the.se struc- 

1 alterations are acquired by an animal or pbint 

I consequence of the direct ai^tion of tlie environ- 

nt, the ofl'spring inheriting them would as a eon- 

qnence not unfrequently start with a greater litnea« 

r those conditions than its parents started with. In 

i turn, being ope-rated upon by the conditionn of 

!b, it would acquire a greater development of the 

ne modification, which it would in turn transmit to 

k o&pring. In the course of several genen 



Lamarck argued, a structural alteration amoontiog to 
such difference aa we call "specific" might be thxus 
acquired. The familiar illuatration tif Lamarck's 
hypothesis is that of the giraffe, whose long neck 
might, he suggested, have l}een acquired by the uffurti 
of a primitively short-necked race of herbivores, who 
stretched their necks to reach the foliage of trees in 
a land where grass wa» deficieut, the effort producing 
a distinct elongatiou in the neck of each geueration, 
which wafl then transmitted to the next. This procees 
is known as " direct adaptation " ; and there is no 
doubt that such structural adaptations are aci|uiTed 
by an animal in the course of its life. Whuthtr such 
a<!quired characters can be transmitted to the next 
geueration is a separate question. It was not proved 
by Lamarck that they 4;an be, and, indeed, never has 
been proved by actual observation. NovortheleaB it 
has been assumed, and also indirectly argued, that 
such acquired characters Tmtst be transmitted. Dar- 
win's great merit was that he excludoil ixom his 
theory of development any necessary assumption of 
the transmission of a<;quired characters. He pointed 
to the admitted fact of congenital variation, and he 
showed that these variations to all intents and pur- 
poses have nothing to do with any characterr! actjuired 
by the parents, but are arbitrary and, so to speak, 
nun-signiiicaut. Their causes are extremely difficalt 
to trace in detail, but it appears that they are largely 
due to a " shaking up " of the living matter which 
constitutes the fertilised germ or erabrj'o-cdl, by lLb 
process of mixture in it of the Bubatance of two edXs, — 



i 
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I gerni-cell and the sperm-cell, — derived from two 
ifferent iiidiTidnals. Other mechanical ditfttirbances 
Iftj assist in this production of cosgenitnl variation, 
latever ito causes, Darwin showed that it is all- 
important. Id »omc cascii a pair of ammal» produce 
ten million offspring, and in such a. number a large 
range of congenital variation is possible. Since on 
the average only two of the young survive in the 
atruggle for exiateuec to take the place of their two 
, there is a selection out of the ten million 
01^ none of which ore exactly alike, and the selec- 
, ia detcrmint-d iu nature by the siu-vival of the 
■Dgenital variety which is fittest to the conditions of 
Hence there is no neregsity for an aeeiimption 
f the [wrpetuation of direi^t adaptations. The selec- 
, of the fortuitously (fortuitously, that is to say, 
B lar as the conditions of survival are concerned) pro- 
ittced varieties is sufticient, since it is ascertained that 
Y will tend to transmit those characters with which 
r themselves were born, although it is not aacer- 
ined that they could transmit characters acquired 
1 the way through life. A simple illuntration of the 
ifference is this : u man boru with four ftngers only 
i his right hand is ascertained to he likely to trans- 
lit this piK'uiiarity to some at least of his offspring ; 
uther hand, there is not the slightest ground for 
wing that a man who hoa had one finger chopped 
r has even lost his ann at any period of his life, 
uluce offspring who are defective in the si i!j 1 1 
iu r^urd U^ fmgers, hand, or arm. Iv : 
apjMirently inHueuecd not merely by lim 
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consideratioD of certain classes of facts vrhich seem 
to favour the Lamarckian hypothesis, hut aUo hy a 
respect for the general prejudice iu its favour and for 
Mr. Herbert Spencer's authority, was of the opinion 
that acquired characters are in some cases transmitted. 
It should be observed, however, that Barwiu did not 
attiibute an essential part to this Lamarckian hypo- 
thesis of the transmission of acquired characten, 
but expressly iiasigned to it an entirely aubordinate 
importance. 

The new attitude which has been taken since 
Darwin on this question is to aak for evidvnco of this 
asserted transmis.sioD of acquired characters. It \i 
held' that the Darwinian doctrine of selection of 
fortuitous congenital variations is sufficient to nccoant 
for all cases, that the Lamarckian hypothesis of traiw- 
missiou of acquired characters is not supported by 
experimental evidence, and that the latter shoald 
therefore be dismissed. Weiamann has also ingeni- 
ously argued from the structure of the egg-cell and 
sperm-cell, and from the way in which, and the period 
at which, they are derived in the course of the growth 
of the embryo from the egg — from the fertilised 
cgg-cell — that it is impossible (it wouhl be better 
to say highly improbable) that an all*raliou in 
parental structure could produce any exactlj' repre- 
sentative change in the substance of the germ or 
sperm-cells. 

It does not seem improbable lliat the doctrine of 
orgauic evolution mil thus becomi; pure Dorwioiani 

' Wviinuuin, I'lreriaTti), etc. IHSG. 
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^^■knd be entirely dissociated from the Luman'kJiui 
^Piercsy. 

I The one fact which the Lamarckiaus cim jinnluce 

in their favour is the account of experiments by 
Brown -S<5quard, in whirh he produced epilepsy in 
guiucn-pigs by section of the large nervoii or spinal 
cord, and in the course of which he was led to believe 
At in a few rare instances the artificially produced 
bilepsy was transmitted. This instance does not 
aid the test of criticism. It is uul clear whether 
e guinea-pigs operated upon had or had not already 
^ conBtitutional tendency to epilepsy, and it is not 
■ iu what proportion of cases the supposed trauB- 
sion took place, and whether any other disease 
wmpanied it. On the other hand, the vast Dumber 
t experiments in tlie cropping of the tails and ears of 
mestic animals, as well as of similar operations on 
, are attended with negative results. No cjise 
E the transmission of the results of an injury can be 
iduced. Stories of tailless kittens, puppies, and 
■Ives, bom from parents one of whom had been thus 
qared, arc abundant, but they have hitherto entirely 
iled to stand Wfore examination. 
Kxperimctitnl researches ou this question are most 
jitly needed, but they are not provided for either 
L the morphographical or physiological laboratories 
jFoor universities. 

Whilst simple evidence of the fact of the trans* 
jBJon of an acquired chara<'tcr is wanting, the tt 
ion argumcntJt iu its favour break down on&a 
ipther when discussed. Tlic verv coaea ' 
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advanced as only to be explained on the Tjamamlriaii 
assumption are found on examination and experiment 
to be better explained, or only to be explained, by tiie 
Ikrwinian principle. Thus the occurrence of blind 
animals in caves and in the deep sea was a &ct whidi 
Darwin himself regarded as best explained by tilra 
atrophy of the organ of vision in successive genera* 
tions through the absence of light and oonseqnait 
disuse, and the transmission (as Lamarck would have 
supposed) of a more and more weakened and stmetu* 
rally impaired eye to the o£bpring in successive 
generations, imtil the eye finally disappeared. Birt 
this instance can, I think, be fully explained by tiie 
theory of natural selection acting on congenital for- 
tuitous variations. Many animals are thus bom with 
distorted or defective eyes whose parents have not 
had their eyea submitted to any peculiar eonditioiis. 
Supposing a number of some species of Arthropod or 
Fish to be swept into a cavern or to be carried from 
less to greater depths in the sea, — ^those individuals 
with perfect eyes would follow the glimmer of light 
and eventually escape to the outer air or the shallower 
depths, leaving behind those with imperfect eyes to 
breed in the dark place. A natural selection would 
thus be effected. In every succeeding generation this 
would be the case, and even those with weak but still 
seeing eyes would in the course of time escape, until 
only a pure race of eyeless or blind animals would be 
left in the cavern or deep sea. Experiments and 
inquiries with regard to transmission of acquired 
characters are in progress ; amongst those who have 
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»upicd themselves with this subject are August 
jPcdsmaau of Freiburg aud E. B. Poultoii of Oxford. 
It haa been argiiRd that the ulaboruto structural 

[aptatioDH of the nervous system which aj-e the 
loreal correlatives of complicated instincts must 

eve been slowly built up by the trajismission to 
pling of acquired experience, tliat is Ui say, of 

Iquired brain structure. At first sight it appears 
icult to understand how the complicated series of 

tioDS which are definitely exhibited aa so-called 
istincts" by a variety of animals can have been due 

I the selection of congenital variations, or can be 

iberwise explained than by the transmission of habits 

iquired by the parent as the result of experience, 
i continuously elaliorated and added to in succes- 
I generations. It is, however, to be noted, in the 
. place, that the imitation of the parent by the 
mg possibly accounts for some part of thede uom- 
iated actions, and, secondly, that there are cases in 
curiously elaboratw actions are performed by 
nals as a charncteriadc of the species, and as sul)- 

irving the general advantage of the race or species, 
ich, nevertheless, con not be explained as resulting 
the transmission of acquired experience, and 
t be sup]>osed to be due to the natural selection of 

\ fortuitously developetl habit which, like fortuitous 

blour or form variation, lutppeiut to prove boueficial. 

br. Poultou has insisted upon the habits of "shnm- 
I dead" and the combined posturing and cotoar 
diarities of certain caterpillars (Lepidopterous 
eb) which cause them to resemble dead twigs or 
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similar surrounding objects. The advantage lo the 
aQimal of this imitation of tsurrouuding ohjccU is that 
it escapes the pm-suit of (say) a bird which woald, 
were it not deceived by the resemblance, attack ant) 
eat the caterpillar. Now it is clear that preceding 
generations of caterpillars cannot have acquired this 
habit of posturing by experience. Either the cater- 
pillar postures and escapee, or it does not posture and 
is eaten ; it is not half eat«n and allowed to profit by 
experience. We seem to be justified in assuming that 
there arc many movements of stretching and posturing 
possible to eaterpillai-s, and that some caterpillars had 
a congenital fortuitous tendency to one position, Momo 
to another, and, finally, that among all the variety of 
habitual movements thus exhibited one has been 
selected and perpetuated because it coincided with the 
necessary conditions of safety, since it happened to 
give the caterpillar an increased reaerablauec to ft twig. 

The view that instinct is the hereditarily fixed 
result of habit derived from experience has hitherto 
dominated all inquiry into the subject, but we may 
now expect to see a renewed and careful stody of 
animal instincts carried out with the view of testlDg 
the applicability to each instance of the pure Darwio- 
iau theory without the Jiid of Laraarckism. 

The whole of this inquiry has special importance 
in regard to mankind, since the great qiiestionB of 
influence of race and family as opposed to the influ- 
ence of education are at issue. If pure Durwimism is 
to be accepted, then education haa no value in »litectly 
affecting the mental or physical features of the race. 
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at only in affecting those of the iudividual. Were 

Njuircd characters really and fully transmitted, then 

wery child bom woald inherit the knowledge of both 

. parents more or less completely, and fi-om birth 

i onwards would be able to add to its inherited stock, 

so that the progreas of the race in mental acquirement* 

would be prodigiously Qiore rapid than it la. Ou the 

other hand, if we exclude the Lamarckian hypothesis, 

peculiarities of mind and body congenitally established 

rin a race or a family accjuire increased significance, 

' they cannot be got rid of by training, but are 

wnd to reappear if the stock which exhibits them is 

lowed to breed. It seems that the laws of Threm- 

latology may eventually give to mankind the most 

icise directions, not only as to how to improve the 

•eda of plants and animals, but as to how to im- 

jove the human stock. It is not a little remarkable 

t the latest development of zoologic-al science should 

ffour that respect to breetling which is becoming less 

tend than it was, and should tend to modify the 

■eut estimate of the results of popular education. 



The relation of Darwinism to genentl philosophy 

[1 of the history of Zoology to philosophical doctrines 

rould form one of the most interesting chapters which 

ght be written on the suV>jcct of this article. It 

eloDgs, however, rather to the history of jdiilosophy 

1 to that of Zoology. Dniloubl*!<lly the coucep- 

B of mankind at different periods of history with 

i to cosmogony, and the relations of (Jod, Nature, 

1 Alitn, have had a very marked intluuiice upon the 
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study of Zoology, just as in its tarn the study of 
Zoology has reacted npon those conceptions. 

In this, as in other phases of mental derelo^neiit^ 
the ancient Greeks stand out in the most straldBg 
manner as possessing what is sometimes called ike 
modem spirit. The doctrine of evolution is foimu* 
lated in unmistakable terms by Heraditus and other 
philosophers of antiquity. Not only so, but the direct 
examination of nature, including the various forms of 
animal life, was practised by Aristotle and his dis- 
ciples in a spirit which, though not altogether £eee 
from prejudice, was yet fer more like tiiat which 
actuated the founders of the Boyal Society less than 
three hundred years ago than anything which was 
manifested in the two thousand years intervening 
between that date and the time of Alexander the 
Great The study of Zoology in the Middle Ages 
was simply a fantastic commentary on Aristotle and 
the records of animals in the various books of the 
Bible, elaborated as part of a peculiar system of 
mystic philosophy, which has more analogy with the 
fetichism and totem worship of savage races than with 
any Greek or modem conceptions. So fsur as philo- 
sophy affected the study of Zoology in the b^inning 
of the modem period, its influence was felt in the 
general acceptance of what has been called the 
Miltonic cosmogony, — namely, that interpretation of 
the Mosaic writings which is set forth by the poet 
Milton, and of which the characteristic is the concep- 
tion of the creation of AYigting things, inchiding living 
things, nearly or just as they are, by a rapid 
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f "fiats" delivered by (in anthropomorphic Creator. 
Kt was not until the end of the eigbtticutli century 
i&t Scliellitig (as quoted above) couceived that unity 
r nature and general law of development wliich is 
Bw called the doctrine of evolution. 

In England Erasmus Darw-iu {Zoonomia, publiahed 

1 1794-1796), in France Lamartk {Pltilosophie Zoo- 

pque. 1809) and Geoffroy Saint-Hilaire {Pnncipea 

1 Philosophie Zoolo<jique^ 1830), ami in Germany 

Bken {Lehrhiich der Nalur-PhUosophie, 1809.1811), 

Kithe (Zur N^atur Wisgeiisch. Stuttgart, 1817). and 

Bviranus {Biologie, 1802-1805) were the authors of 

tore or less complett! systems of a philosophy of 

! in which living things were regarded as the 

Otcome of natural law, that in, of the same general 

wesaes which had produced the iDaniniatc universe. 

" Natur-philosophen," as they were called in Gcr- 

luy, demand the fullest recognition and esteem. 

tat, just in proportion as the "Natur-philosophen" 

iled to produce an immediate elfect on the study of 

lology by their theory cjf natural development, so 

t the doctrine of evolution itself deprived of com- 

^etcncss and of the most im|>ort3nt demonstration of 

I laws by the long-eontiuueci delay in the fimd intro- 

ictiuQ of Biology into the area of that dotitriue. 

Darwin by his discovery of the mechanical prin- 

B of organic evolution, namely, the survival of the 

iat in the struggle for existence, completed the 

ictriDo of evolution, and gave it that unity and 

nthority which was necessary in order that it sluruld 

fonn the whole range of philosifpliy. The d<!tail«4^ 
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consequences of that new departure in philosophy 
have yet to be worked out. Its most important initial 
conception is the derivation of man by natural pro- 
cesses from ape-like ancestors, and the consequent 
derivation of his mental and moral qualities by the 
operation of the struggle for existence and natural 
selection from the mental and moral qualities of 
animals. Not the least important of the studies thus 
initiated is that of the evolution of philosophy itself. 
Zoology thus finally arrives through Darwin at its 
crowning development : it touches and may even be 
said to comprise the history of man, Sociology, and 
Psychology.^ 

^ The chief sources of information on the subject of the foregoing 
article are the foUowing : Engelmann, Bibliotheca Hidorico-Naiuralii, 
voL L 1846 (being a list of the separate works and academical 
memoirs relating to Zoology published between 1700 and 1846) ; 
Carus and Engelmann, Bihl. Zoologica, Leipsic, 1861 (a similar list of 
memoirs in periodicals published between 1846 and 1861) ; J. V. Carus, 
Gesch. d. Zooloyie, Munich, 1872 ; and L. Agassiz, An Essay on Classiica- 
tion, London, 1859. 
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